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ASPECTS OF TWIN RESEARCH 


By Dr. H. H. NEWMAN 


0 Ss 0 OOLOGY ( 


BEGINNINGS OF TWIN RESEARCH 


Since time immemorial twins have been 
ects OT intense interest Human atti 


les toward twins have been greatly 
fluenced by changes in the social evolu 
n of mankind them 
Because twins and multiple births are fissio} 
ther unusual they were at first re- embvro 
carded as in some wav abnormal and It was not 

ens of good or evil to the families or — sters came to be 1 


bes into which they were born. Even incomplete one-egs 


lav some primitive tribes treat twins Wilder elaborated tl 


as either objects of awe and respect or cant paper, **Dupli 
iS visitations of evil spirits, to be votten Double Monsters.”’ 
loft as Soon as possible separate one-evy 


Gradually superstitious attitudes to double monsters. 


vard multiple human births have given 
vay to scientific curiosity about them, — serjes 


"ildet 
but it was a long time before twins and first worker t 


the objects ot SONS het wee) 


ultiple births became 


scientific study twin pairs a 


Prior to the twentieth century chief to sueh mi) 


+ 


nterest in twins was centered on the palm prin 
problem of the nature and origin of So far as we 
double monsters. A long controversy tain. the first to 


; 


raged over this problem, in which many — of two kinds of 
of the leading biologists of the eighteenth eco twins. was Sir 
ind nineteenth centuries took part. One 4 ctroke of genius 
school of thought upheld the preforma- yy, types of twins e3 


tion view, according to which double logical conclusion 

— c i i i 
monsters were preformed in the egg or were genetically a and that 
nes concely 


sperm; while their opponents, the epi- twins were merely sib ing 
promptly real 


i? 


renesists. believed that doubling was the born tovether Galto) 
Dr. Newman is author of Multiple Human the use to which twins could be 
Births, the first of the American Association for 
-. . materials for 
ve Advancement of Science series of non-tech : 
By the use of questionnaires sent out 


ical books on important scientific f 
of twins of 


genetic research 


subjects of 
ide general interest. a considerable number 








STRIKINGLY SIMILAR 


SEPARATED AT EIGHT DAYS OF AGE 


STATES ABOUT ONE BIRTH IN 58S CONSISTS OF TWINS, OF WHOM ABOUT ONE FOURTH ARE ON 
(IDENTICAI rWINS AND THREE FOURTHS ARE TWO-EGG TWINS 
both types he sought answers to two main = similar as the result of living toget 
questions : for vears, persisted in exhibiting ma} 
(1) Do fraternal two-ege twins differences and often became ine! 


grow more similar as the result of being 
subjected for years to a common environ- 


ment? 

} (2) Do identical (one-egg) twins grow 
more different after being separated and 
living under different environmental 
conditions ? 

The questionnaires seemed to give neg 
ative: answers to both questions. Fra 
iY ternal twins, instead of growing more 


rh , OATEwmaT eo 
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‘‘IDENTICAL’’ TWINS 


DIFFERENT ENVIRON MENTS, IN TH 


ingly unlike; while identical twins, « 


when one had lived for years in | 


and the other had stayed in England 
mained as similar as ever. 

On the ot Ga 
came to the conclusion that envirom 


basis these results 
tal differences, such as are to be fo 


in the same community and at the s 


time, produce only slight changes in 
individual’s physical and mental tr: 
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ch are, therefore, determined chiefl) In 1902 Weinhe Sis 


‘‘inborn nature.’’ These first studies sex distribut 
Galton were published in a paper e1 of twins, came 1 . 
tled, ‘*‘The History of Twins as a Cr Ol are . 


rion of the Relative Powers of Nature’ that ab: 

d Nurture.’’ Thus began the scientific one-egg twins. W re reas 

dy of twins there should be equi: mbers . 
Twin research between 1876, the dat sexed and opposite-s 


Galton’s publication, and 1904, when By doublir 


Wilder aroused new interest in twinning pairs (surely t twins 

problems, was largely limited to statis allowance for the s 

tical studies ber of males tl I S, al S 
As early as 1885 Veit had made an ing this nm 

extensive study of the frequeney ot twin, ot twin pairs 4 ntrv. le 


triplet and quadruplet births in Ger- the number of one- nairs. This 
many and had determined for that to be known as the Weinberg Differ 
eountry that on the average there oe Method. In 1907 Nichols used the We 
‘urred one twin birth in 85) births. Ten berg method 

years later Hellin announced his remark- age of one-ege twins to all twins 

able rule. called ‘‘Hellin’s Law.’’ This United States to be about 26 This as 
rule is that if the frequency of twins to in close agreement with Weinbere’s 
total births is 1 to 85, the frequency of ure for German 


triplets is 1 to 85°, while that of quad- Up to the t e en Weinbere she 


ruplets is 1 to 85°. This rule agrees re- statistically that a large number of s 
markably closely with actual mass data. sexed pairs of human twins must be « 
Just why nobody knows evo TWINS The existence of suenh 1 ns Was 








CLOSELY SIMILAR ‘‘IDENTICAL’’ TWINS 
ALTHOUGH THE ONE ON THE LEFT WAS REARED IN LONDON AND THE 0 MA 0 





ONTARIO, CANADA, THEIR RESEMBLANCE IS NMISTAI 
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purely hypothetica 


of the very strong intra-pair resemblance 


in so-called ‘‘identical twins’’ had rea 


that 


soned such twins must have a con 


mon genetic make-up and therefore must 
been derived from a single egg. At 
there 


ey idence 


} ave 
that 


logical 


time was no direct embrvo 


that one-ege twinning 


ever takes place among mammals 
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The first 


reports on these \ xT 


were both published in 1909 
these species of armadillo but one ¢ 
involved in each pregnancy, as is 
denced by a single corpus lutew 

fetuses in a set are of the same sex 
the Texas nine-banded armad 

novemcincetus) tour fetuses are arra 
very regularly within a single ¢] 





IDENTICAL ONE-EGG QUADRUPLETS 
4 FRACTION OF THEM ARE OF ONE-EGG ORIGI 


ONLY ONE BIRTH IN 600,000 CONSISTS OF QUADRUPLETS; 


THe TURNING POINT 
So long as the actual existence of one- 
twins remained hypothetical, little 


egg 
use could be made of twins in the investi- 
gation of human problems, One crucial 
step in the direction of laying a secure 
foundation for twin research was the dis- 
covery and study of one-egg twinning in 
two species of armadillo, Dasypus no- 
(Newman and Patterson) 
hybridus (Fernandez 


vemceinctus 


and Dasypus 


the othe 


species D 


one side and two on 


South 


two on 
In the 
hybridus ) 


American 
from seven to twelve embry 
are derived from a single egg. In su 
ceeding Newman and Patters 
studied and reported on the complete e1 
coneclusiv' 


vears 


bryonie history, showing 
that the embryo up to a fairly advance 
stage develops as a single individual a! 
then undergoes two twinning divisions 


The first division gives rise to symmet! 
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FILIPINO ‘‘SIAMESE’’ TWIN BOYS AND THEIR 


eally placed twin primordia, each of 


which divides evenly again » Iorm a the ae 


secondary pair. 
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armor and found that the intra-set 
efficient of correlation for the bar 
region was about .92, while that bet 
members of secondary pairs was si 
what higher, about .935. These eor 
tions were of the same order as t} 
previously determined for right 
sides of single organisms 

Newman also showed that rare | 
irregularities in the armor (regio 
doubled bands) were inherited, and 
very peculiar way. If the mother has 
partly doubled band near the left mar 
of Band 1, fetus 1 may have a sil 
character on the left side, fetus 2 o 
right side, fetus 3 on both sides and fet 
4 on neither side. Thus four individ 
genetically alike may express an 
herited character in several differ 
ways, or even not at all. There is tl 
a distinet contrast between inherit 
and expressing a character. There vy 
also noted a considerable amount of n 
ror imagine between individuals of 
same set of voung armadillos, 

it was only natural to suspect that 
since one-egg twinning takes place s 
regularly in certain mammals, it prol 
bly takes place sporadically in much th: 
same fashion in human embryos. It has 
not been possible, for obvious reasons. t 
study the early stages of one-egg twi 
ning in man; so for the present and unt 
we secure evidences to the contrary, 
must take the twinning picture reveal 
by the armadillos as the best model 
human one-egg twinning. r 

It was with this idea in mind that 
1917 I wrote a little book, ‘‘ The Biolog 
of Twins,’’ in which I deseribed th: 





course of twinning in various armadillos 
dealt with the extent to which variatio 
occurs among individuals alike genet 
eallvy, and then reviewed our knowledge: 
of twinning, both one-egg and two-egg 
in other mammals, including man. This 
little book, according to leading tw 1 
specialists in various parts of the worl 
served the purpose of focusing their at 
tention upon human twins and then 
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uses as mater 


beginn 


e 


this small 


coZze 


score Of cdifferent helds of 


fie Inquiry In 1923 L publishes 
; Phvysiolog 


second book. ‘* The 


in which were broueg 
her for the first time a prey 
ished data on one-ege twinning 
animal kingdom In this book | 
scussed the causes and consequences 0 
Ses 


twinning and suggested the 
put in turther 


pore 


which TWihs eould he 


~ 


\ 


**TIDENTICAL’’ TRIPLET 
ABOUT ONE BIRT 00 CONSIS oO} tLIPLETS, ON 
HAZARDS OF M H AND ONLY 
research problems. Some of the theories 1) Studies of 
of twinning proposed at that time ex- of twins of the 
‘ited considerable controversy and stim- different races 
lated additional research vironmental cond 
2 Studies of 
THe Mopern Periop tions of one-ere 
Arbitrarily, I would be inclined to set various populat 
the date of the beginning of the modern 3) Studies 
period of twin research at about 1924 mental 
mals 


Certainly the vast majority of publica 
tions in this field have appeared since 4) Detailed st 
that date About that time extensive such as quadrup 
programs of work on a great variety of 5) Methods of 
twin problems were begun in several one-egge and ty 
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methods are also applhied to multiple 


births. 

(6) Analysis of reversed asymmetry, 
or mirror imaging, in twins and its 
significance 

7) Studies of resemblances and dif 
ferences in one-egg twins, triplets, quad 
ruplets, and quintuplets, especially of 
the Dionne quintuplets 

(8) Studies of mutual intimacy and 


social interrelations of twins. 


DEMONSTRATION OF HEREDITY 
IDENTICAI rWIN SISTER AND THEIR IDENTICAL 
TWIN NEPHEWS. 

9) Investigations of the prenatal and 
birth hazards of twins and their rela 
tively high infantile death-rate. 

10) The reasons for the higher pre 
natal death-rate of one-egg than two-egg 
twins. 

(11) Studies of the dermatoglyphies 
(palm, finger and sole prints) of twins 
and multiple sets 

(12) Studies of the inheritance of the 
twinning tendency. 


13) Special studies 
twins, especially dealing w 
Imaging and differences betwee 
components 
14 Studies of 

frequency of one-egg 
halicles 

Among the applied aspects ot t 
search are those numerous st 
which twins are used to throw 
various problems in fields remote 
that of twinning as such Taki 
Starting point the fact that 
twins are identical genetically ai 
eco twins differ to the same ext: 
siblings, it is possible to detern 
appropriate methods the extent to 
various human traits are heredita) 
the extent to which such hereditar 
are or may be modified by differe: 
environment and training 

Three main methods have been us 
these studies: a, the conceordar 
cordance method ; b, the co-twin 


method; and c, statistical methods 


THE CONCORDANCE-DISCORDANC 
MetTHop 
H. W. Siemens, a Dutch dermat: 
seems to deserve credit for the first 
tempt to use twins in the scientific st 
of pathology. In 1924 he publishe 
book. **Die Zwillines Pathologie ' 
which he presented his investigatioi 
dermatological anomalies and diseases 
numerous pairs of twins and a few set 
triplets. He also is the first to |} 
published a method of distinguishing 
tween one-egg and two-ege twins 
method now ealled the ‘‘sin 
method’? and adopted in various 1 
fied forms by all students of twins 
mens may be regarded as perhaps 
pioneer of modern applied twin resea! 
The underlying concept of Sie 
was that all anomalies and diseases t! 
were always present in both members 


a pair of one-egg twins and only rar 


so In two-egg twins, were fully her 
tary ; that when such conditions were } 
always present in both of one-egg tv 
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more frequently so than in two-eee 
s, these are partly hereditary but 
partly to differences in environment 
s of complete correspond: nee in bot] 
ibers of a pair were termed concor 
, cases of differences in decree 
orrespondence were designated 
total lack of correspondence was 
ed discordance Siemens’ 
hods have been extensively used in 
ny types of study, notably those on 
minality, psychiatry, ophthalmology, 
genetics of anomalies and diseases, ete 
Such studies are too numerous to review 
this brief historical sketch. Suffice it 
to say that through the use of this 
method our knowledge of the renetic 
basis of a large number of human char 
acters has been discovered or confirmed, 
that many problems in human physiol 
ogy and behavior have been illuminated. 
that new knowledge as to hereditary dil 


KENNETH AND JERRY, ONE-EGG TWINS 
BROUGHT TOGETHER BECAUSE A TEACHER VISITING 
ANOTHER TEACHER IN A DISTANT CITY NOTICED A 
BOY IN ONE OF THE CLASSES WHO STRIKINGLY 
RESEMBLED A BOY IN HER OWN SCHOO! 


rerences 

cliseases h; 

ences i sleeping aha 
proven to be lara 
criminalistic tendencies | 
In manv cases to have 
tary basis, and that var 
tvpes of psve hoses a 


hereditary 


Tue Co-TWIN CoN’ 


In these studies one-evg 


used exclusively ; other 
aspect ot the study ~ 


ing that a pair of one-egg 


cally identical, one member cai 


as a control and the other subj 


experimenta! treatment 
Yale child psychologist 


Arnold 


seels 


+ 


heen the first to use this method 


study of the effects of training 


infants As the result 


study oft one pair ot one-evg 
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he concluded that the training of one 
twin at a later period for a shorter time 
was as effective as traiming the other 
twin at an earlier period for a much 
longer time, and hence that much of the 
improvement of skills was the result of 
pure maturation of the nervous system, 
which becomes more efficient merely as 
the result of development. 

One other alleged co-twin control ex 
periment has been extensively publicized, 
namely, the case of Myrtle MeGraw’s 
Johnnie and Jimmie. This would have 
been a highly significant experiment had 
not the twins turned out to be of the 
fraternal (two-egg@) variety and thus 
lacking all elements of co-twin control. 

Much more extensive use of the co 
twin control method was made in Russia 
A group of scientists at the Maxim 
Gorky Medico-genetical Institute of Mos 
cow, as part of an extensive twin re 
search program, maintained a dormitory 


for a number of pairs ot preschool age 





one-egg twins, These were kept 
environment as nearly uniform as 
usually maintamed in an experim: 
animal colony Many kinds of ey 
ments were conducted with this 
colony, involving both physiologica 
psychological problems. It would be 
vond the scope of the present arti 
report the results obtained and the 
clusions reached, but suffice it to Sa) 
they were important. Just when 
fruitful and highly promising prog? 
of twin research was in full flower 
uprooted and abandoned by the go 
mental authorities. And this, for reas 
best left undiseussed Now that 
Russian experiments are, for the 1 
being at least, abandoned, Americar 


vestigators should by all means enter t 


field of research, for the method Ol 
twin control cries out for exploitation 


STATISTICAL METHODS 


There is not one but many statist 


THE TWO PAUL HEROLDS 
EACH YOUNG MAN WAS IGNORANT OF THE OTHER’S EXISTENCE FOR TWENTY-THREE YEARS AND | 
REARED IN ENTIRELY DIFFERENT SURROUNDINGS THAN HIS BROTHER. 
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THE ATTRA¢ 
ARE AS MUCH ALIKE AS TWO PEAS IN 


methods of employing twins in genetic 
research. All of them, however, depend 
ipon our ability to distinguish one-egg 
from two-egg twins. Much attention has 
been given in recent years to attempts to 
find accurate, objective methods of di 
agnosing one-egg twins. In actual prac- 
tice, experienced students of twins seem 
to have but little difficulty, 


sufficiently large number of characters 


if care and a 


are emploved, in diagnosing twin types 

Onee having a sufficiently large group 

one-egg twins, these can then be used 
as a basis for determining the extent to 
which hereditary characters may vary in 
expression either under nearly identical 
environments or under environments dif 
fering in all sorts of ways 

A considerable number of studies 
based upon a comparison of the relative 
differences between 
d two-egge twins have been conducted 


trapair 


one-egg 


by I ( 
ers 


made 


but hi 


his fi 
of th 
whiel 
that 


series 


RESEAR 


ith Ame 


rIVE BAILEY TWINS 


al 


The pioneer 
in 1905 by 


of American 


» work 
] 

lliure to 

e two ft\ 

1 he now 


all twin 


and have 


eau 

\\ is 

be ab 

Pes, 
knows 

s he 

a con 
dil 


Following Thorn 
man, Winefie 
tacked the hered 


Merri 


lem a 


analy 


The 


nd approa 


: ‘ 
SIS © T 


that of Newma 


This 
Porm 
what 


STudy\ it 
IS 1h odie 
more ce 


most re 


ms 


t 


XD 


studies and may 


ot t} 


IS tvpe ot 


HY 
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ELEANOR AND GEORGIANA 
WHO, AFTER TWENTY YEARS’ SEPARATION, WERE BROUGHT TOGETHER AS A 
FACT THAT A CATHOLIC SISTER WHILE TRAVELING ON A BUS MISTOOK ONI 


twins (50 pairs) are used as a control. differences between one-egg twins 


For each pair the heredity is the same _ be due to differences in either pret 
and the environment as nearly alike as or postnatal environment or to bot! 


humanly possible without laboratory con- now we take an equally large grou 


trol. One of course assumes that any same-sexed two-egg twins and find, as 
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that the intrapair differences are 
ereater in almost every character 
those of one-egge twins, we can ¢éal- 

te the extent to which hereditary 
ws alone are responsible for differ 
s in two-egg twins. The method de- 
wed by my colleague, K. J. Holzinger, 
to subtract the intrapair coefficient of 
relation of two-egg twins from that 
of one-egge twins and divide the _ re- 
mainder by 1 minus the intrapair coeffi- 


ot hereadit 

factors respons } 
ences hay be de 
gree of aecurac 
accuracy of 
used 

Another pl ase 
rather laborious 
‘ ror tu 


pairs OF one-es 


faney and reared apart unde? 


variety of different environmenta 


CECILE, MARIE, EMILIE, ANNETTE AND YVONNE DIONNI 


LIVING @Q 
< 


AT ABOUT TWO YEARS OF AGE, THE ONLY KNOWN 


elent of correlation of two-egg twins. 
This gives the percentage share of genetic 
differences responsible for intrapair vari 
ance for one character at a time. The 

; r—(r 


formula used was: h. where h, 


. 
is the percentage share of hereditary de- 
termination of the observed intrapair 
difference in two-egg twins, ,r the intra- 
pair coefficient correlation of identical 
one-egg) pairs and ;r that of fraternal 
two-egg) twins. Thus for any character 
measured for both groups of twins the 


ditions. In this study 

the intrapair differences wit! 
nearly all physical characters 
greater than those in one-egg 
reared together, indicating that 
nificant differences in these 
are probably determined by 


in prenatal environment 


Intrapair differences in mental abi 


and scholastic achievement were 


ever, considerably greater in the 


sepa 


rated than in unseparated pairs and 


these differences were definitely 


eorre 
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THE BADGER QUADRUPLETS 
THE TWO ON THE LEFT HAVING BEEN DERIVED FROM ONE EGG AND EACH OF THE TWO ON THI 
FROM A DIFFERENT EGG. CONSEQUENTLY THE SET WAS DERIVED FROM THREE EGGS 


lated with degrees of difference in edu- be appropriate in this general revi 
cation Temperament-emotional differ- twin research to discuss our own 
ences were also in many cases quite butions at greater length. 

marked in the separated pairs and could The field of twin research is a raj 
usually be referred to marked differences expanding one. Already my own pr 
in environment and experience. The bibliography contains titles of over 
individual case studies of these twenty hundred publications about twins 


pairs of separated one-egg twins often multiple births. There are still 1 


revealed the ways in which differences unsolved problems and open quest 
in environment had a moulding effect in this field that would well r 
upon personality traits. It would hardly further research. 





EXPLORATION OF MUMMY CAVES IN THE 
ALEUTIAN ISLANDS 


PART II. FURTHER EXPLORATION 


By Dr. ALES HRDLICKA 
'HE DIVISION OF PHYSICAL ANTHROPOLO 


SMITHSONIAN INSTI ION 


AMLIA coverable 
ments 
In the r 


fine wood-ear 


From the Atka natives we have 
learned of a ‘‘mummy ecave’’ on the 
long island to the east, Amlia; and on 
July 4, at 4 a. M., start for the same, 
with a native guide, former Atka chief, 


ments 
Have to depart ; 
7:15. Dory there wa 


on the Talapoosa. By ‘e) arrive Oppo- : 
; : a. to ship have 1 
site a cove on the northern shore. The 
matting—but 


‘feave’’ is on the south shore, but the 
P. M. Start west 


sea is rather rough, barometer unprom 
unknown Awat 


ising, and Captain unwilling to risk Seaton 
4 eu itis 


most 


under such conditions dangerous south The part) 
ie m1 \ ol 
coast. So dory takes party to the cove Attu. the Com 


we see, and at 9 A. M. we start on a walk t] 
Cll iamnaed alr 


across. The native says it is ‘‘a 2 hours’ Lue fom 
where ol 


walk. Climb over hills, lowlands and gion, were 
l 


‘ « ala ar : < _ ) ° 

along a lake , partly in water, 3} hours, put the 
before reaching the place | cme mative 20.) ware 
knows ot the eave only ‘Sin vreneral. the party 
but has guided us well. On a gravelly joy Cutter Duane. 


isthmus we find a moderate-sized old and proceede P 


village site, and to the S. of this among = was to be made 
great fallen roeks two skulls. Further 
on along the cliffs discover two rock 


a 


TANAGA, ILAK 


shelters, with several more skulls and Off the large island of 

some bones, also a wooden dish over a  Makarii, the old chief of Atka 

skull, remnants of a red kayak and few’ guide at Amlia, saw ‘‘many 

other objects, but no cave, no mummies. a Mummy cave or shelter 

A small platform built rather ingeni tion as to the location 

ously in a rock-cleft above one of the rather indefinite ar 

shelters did probably once hold a_ as to contents, but in 

mummy, but nothing is left of it—the reliable, and so it was deci 

trappers had been here first. for the hollow. This is how 
Cold, drizzly; fire in a native little Aug. 10, 1937. Fog. At1P 

half-underground lean-to nearly chokes off Tanaga—but at first the 

at first with smoke, but we manage to Fight fog and current rest 

make a can of coffee. Explore cliffs and without success Anchor 

rocks on all sides—no other remains dis- somewhere off the coast 
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less foe, but 


Aug. 11. Higher winds: 


can see only 


a small part of land on left. 
Ship rocks more, though not bad. Pros- 
pects not erood 


koe thickens again, no land in 
Ship about five miles 


J A. M 


sight any more 
off shore. but dares not send a boat out 
in the foe 

10 A. M A dory out to 


noiter, under protection of ship’s sirens 


sent recon- 
returns in half an hour without having 


seen anyvthing—could not dare to go 
further 
will wait. 
1] A. M. 
only about 200 vards in any direction. 
12 to 6 P. M. 
could not prevail, once lost for a time 
Fog the same. At 4 sun partly 


trated, but did not show itself full. nor 


Captain very nice about it all, 
Fog all around, visibility 
Dory sent out twice 

pene- 


dispelled. 
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No change 


9 P.M. 
Aug. 12, 6-7:30 A. M At last 


nearly free from fog Ship has 
riding far out, now returning once 
towards land. <A cape dimly \ 


Land still in haz 
perceptible. Sea somewhat 

9-1 A. M. Have 
nacles and rocks off land, 


towards the west 
rough 
reached near 
visibility 
good. Leave in the dory 
small ‘‘ black 
mile off. 
craggy, 
wholly 


fairly 
island’’ somewhat ov. 
Cirele around, find it volea 
unboardable even on the lee s 
and unpromising—not 
enough, and no caves or overhangs w 
water could not reach them. 
small islands i 


Pass on to two 


western end of the ‘‘bay,’’ about tl 
miles from the first The one to 1 


nearer land, 


vrass\y, pa 


The further 


partly 


craggy, unpropitious 








THE ‘‘GANG’’ OF VOLUNTEER STUDENTS 


AUTHOR IN 1937. THE TOOLS OF THIS PARTY ARE THE PICK, THE MATTO 


ACCOMPANYING THE 





THE 


SHOVEL 


AND 


THE 


WHEELBARROW. 


THE 


DRESS 


CONSISTS 


UNDER AND OUTER CLOTHING, HIGH BOOTS AND CANVAS GLOVES. 
PAUL GEBHART, PAUL GUGENHEIM, SYDNEY CONNOR, ALAN MAY, STANLEY SEASHORE. 





OF 


RAINCOATS 


LEFT TO RIGHT: 


AND 


HATS, 


WA 


WALTER WINI 


ti 


4 
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a 
| } 
here 
1 
DISEMBARKING OF THE AUTHOR 
) NOT HAVING HIS HIP BOOTS, MUST BE CARRIED ASHORE ON I 
BOAT AND CREW ARE FROM THE COAS GUARD BOA 
1 voleanic, craggy, about 60 feet high, cave and saw in it. ‘‘s 
sealed—getting out of the boat perilous probably a score of mummies t 
and examined—no vestige of anything was learned later. three vears a 
Iman: and no eave or crevice that could eave had been sac] by a 
have had any remains. trappers, who were known to | 
In distance—about five miles—to brought out a “loot 
wards the east or southeast, see a point though not the mummies—a) vho a 
and off there a rock with two islands vear after were capsized off 
more likely our destination; but sea drowned 
rather rough, 30 mile wind, must return Reach off Ilak—16 miles fron 
to ship before attempting to reach these. chorage at Tanaga. Not eas) 
Come back wet, but without any damage landing place for the dory. Find, most 
ltis 11 a.m. Ship now moves towards unexpectedly in this ent 
the above islets and endeavors to anchor region, a wholly il 
43 fathoms) about a mile off—but  e¢anic island (whitish ston: fl 


anchor will not hold, sea is rougher, and top. Much like one of the southwes 

SO Captain decides to try Ilak first mesas Perhaps 100 feet ] rl ’rass 

Have sighted it in haze to the south slopes and foreground (nort} a be 

he isle has a bad reputation for storms dery beach, many shor . 

nd dangerous rocks: but there was ‘‘bad’’ rocks ) rt} R 
own to be in its cliffs a cave with see high rough cliffs. A trapper’s s 
immies. Many years ago—Mr. Wil- about 100 vards from water near } 


s, now of Dutch Harbor, found this. of north shore Bad walking 
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crass—at times some of 
visible in the rank veg 
shore must jump like e 
ders, vet these offer the 


parts the granite outcrop 
offering broken sharp ri 

Explore 
northwest, 


everything 
and about a 
shack locate a cave, ina | 
pinnacle, with a lot of 
wood, stones, human bone 
skulls. Digging shows a 
soil, stones, more 


debris 


wood. (rass, traces ot 
buman and bird bones : ul 
then a 


limpets), wi 


wood. eood lave 
mollusks 
bones, a few chipped, an 
knives, a wooden bowl, nm 
and lowest down 


del ris 





OLD SITE OF 


NOTE THE RACK FOR DRYING 


SWEATBATH 


flat fire 
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the party not 
‘tation Along 
oats over boul 
best way In 


S Stand on edge. 


ves 
likely towards 
mile from the 


igh bare rough 
human debris, 
‘s, parts of four 
bout 23 feet of 
or less decaved 
matting, stray 
nderneath more 
debris of 


bird 
polished, 


r of 
th some 
d one 
» human bones; 


’ 
STOTLAS asties, 


UMNAK WITH 
FISH AND 
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Cave had evidently origin: 


cupied, then used for a | 


Not long ago the whole was 
mummies and skulls taken a 
with remains of wooden ute 
tered or thrown out Dou 


reported mummy cave tl 


poles and debris indicate that 


all vandalized by the trapp: 


We collect what IS 


wort 


excavate whole accumulation 


large space 
May 


rocks. sd 


vers 
mniy boys 
in the 


ward, 


somewhat f 


with six mossy skulls 
condition And 
former Scout 
the 


man-used 
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around island 
othe! 


CaVeS or 


human remains 


Carry evervt! Ing saved ant 
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HELL’S KITCHEN ON AMLIA ISLAND 
AN EXAMPLE OF THE EXCESSIVE EROSION AND ROUGHNESS O ) 


SLANDS AN OLD BURIAL CAV! s CLO 


rocks and through the grass, including with the 1 





a heavy movie camera, reaching hut island not examined on previous 
quarter to eight, sweating and wearied; find it volea) 
have some hot coffee there, made by boat elevated mass Vel vitl 
men who stayed behind, with raisin and with a flat top Not a vest 
bread. At dusk depart, at 9:30 back on anything humar sefore finis! 
the ship. Weather better now, wind less, advances from land, until ship is 
but Captain tired, has gone to sleep, and = from view Recall everybo 
so ship remains here over night dory which had to ride outside 1 
Aug. 13. Wind weak, sea fairly good be damaged by the heaving wate 
though a swell, horizon misty, but no roecks—and return—nothing els 
real fog. Tanaga not visible. The Tanaga cave remains undiscover 
| At 9 up—anchor and back to Tanaga. Next day search rocks off west 
9:15—wind freshens, fog envelopes’ of the large island of Adak 
top of Hak. Run slowly but on the shore an extens 
At 12 anchor off Tanaga again Explored on this trip also rock she 
Rather fairly clear now, sea with smooth in Korabelni Bay, Atka Isla 
heave only. skulls and skeletons, but man 
12 :30—out with the dory to explore rock shelter) despoiled 


what seemed the two rock islands close 
to shore—only to find them to be but 
broken small promontories, connected A memorabt tel nowevel ST 
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awaited us. This was the visit—this 
time successful—to the great rock in the 
midst of the rough Umnak Pass, known 
as ‘‘Shiprock.’’ Again it will be best 
to give the original notes, which preserve 
a flavor that can not be duplicated later. 

Aug. 19. Reach off Shiprock at 9 a. M 
Soon on a dory, and at 10:15 there 
Beach all huge rocks. Find the little 
landing place Krukhov told about, go up 
steep slopes to overhanging cliffs and 
explore. Island larger than seems from 
distance, shore very rough. Luckily but 
little surf. 

Soon find a great long rock overhang, 
and in it a structure of driftwood, with 
two skulls and some attached bones 
visible: and before lone see it is an un- 
disturbed deposit of mummies and 
burials Excavate intensively whole 
day. Boat brings lunch and remaining 
boys. A great harvest, next to that of 
last vear on Kagamil—and as then at 
practically the last day of the trip! 


There were two separate shelters here 





with burials. In the main one 
bodies had been placed on a structu 
driftwood poles and on a big portu 
a whale skull. On this base lay 
whale scapulae, then mummies, and 
all this was an inclined roof of par 
partly dressed poles leaning against 
wall; and this ‘‘roof’’ had once bee 
ered with skins of sea-lions 

To the left of this main part 


about five feet of later burials, males 


top, females and children farther t 
left and lower 
The mummies were much as thos 


Kagamil, but there were no childre: 


their carriers and nothing remaine 
entirely whole condition The be 
had been less well strapped, also 
there was less matting: but two of 
mummies below their outer skin 
showed remnants of highly clect 
skin dress and matting 

Had to send back for more sacks 
burlap and cord. Quite a hau 
skulls of mummies all of the ob 


MUMMY SHELTER ON SHIPROCK, UMNAK PASS 


WITH DEPOSIT O MUMMIES AT RIGHT BELOW AN 
AMONG THE ROCKS, OUR DORY MAY BE SEEN 


OVERHANGING LEDGE. ON THE LEFT AND BELO 


APPROACH TO THE PLACE IS OFTEN IMPOSSIB 
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Aleut, variety A highly important 

|. and undisturbed, only affected by 

though not excessively ancient 
trace of white man’s influence. and 
disease save arthritis 

Had to hurry—ship wanted to leave 

5—but after all staved for us till 
fter 6 Officers and men with us were 
ery helpful. It is hard to give credit 
enough to the Coast Guard for all their 
Lid 

Good many of the female and chil 
lren’s skulls on the side of the mummy 
structure showed the Aleut tvpe—evi 
dently later burials 

In second shelter, marked on surface 
by two posts and a nicely dressed cross 
bar, only regular burials, no wrappings, 
no objects, about six or more bodies and 
all Aleuts. 

Evening. Had once more to telegraph 
for large barrels. Everything now 
stacked on deck, as last vear, even 
though not quite so much. 

As we finished, fog began to invade 
everything once more, and before we 
reached the ship with the last load the 
Shiprock could be seen no more 

When we reached the ship—6 : 30 
P. M.—thev were hoisting the anchor 
water said to have been over 100 fathoms 
This necessitated the dory’s ‘‘staying 
off’? in the now rough water for over 
half an hour. Tossing and rocking so 
much until the spine, from so much 
bending from side to side, felt like in a 
moderate attack of lumbago. 

SHIPROCK, 1938 

Thanks, once more, to the Coast 
Guard, the search of main previously 
found burial caves could be resumed, 
and supplemented by that for new ones. 
The party on the small Cutter Ariadne, 
Captain H. W. Stincheombe, left with 
the expedition June Ist, and June 2nd 
reached once more the Shiprock in the 
Umnak Pass. 

June 2,9 a.m. Spent fair night, now 





MUMMY DEPOSIT ON SHIPROCK ISI] 


rue \ 0 » oO 


co 1a) J 
on aory lo! “/ pro c { 
signs of clearing Sea so tar model 


10 A. M Have reached the ro 


evervthing as we left it Exea 


farther depressions by low overt 
Soon find more bones, Aleut bm 


Continue till 12:30, when boat bi 


captam and lunch 
All skeletal remains found 


from early Russian period—some 


and small white glass beads deep ai 


them. Most skulls and bones 
condition, number of skulls bro 
pieces Some mixture ol oblong 


Aleut with rounded Aleut 
The two strains have evidently 
mingled on Umnak, and remnants 
larger pre-Aleut people were sti 
on the advent of the Russians 
With the bones found four flat 
lamps, a number of obsidian 
f 


ey 


points and serapers and a 


chipped knives of other stone ( 


; 
0 


the lamps ‘has a handle, to the rig 


front, a turtle-like head and neck 
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other, larger, is triangular. All of very the Unalaska volcanoes; but wind: 
moderate depth, fair to good workman water now rough, with great cur 
ship, dark to black stone, resembling Captain, fearing accident, has us 
those of Kashega charged on the island opposite (Umi 

At our old rock-shelter, during lunch, and with us walks about 5 miles 


found odd petroglyphs on one of the beaches, rocks, tundra, with stiff 
large rocks. Also red paintings—lines 4galnst us Have to cross a swift 
deep stream, could hardly keep up 
Walk takes over 2} hours. Then 


picks us up, through surf, and we st 


and curves—on various parts of the base 
of the whale skull that we got out of the 


shelter last vear Did not see these arti 
facts last season due to dirt on the on rough trip to the cutter Before 
objects can reach it however are caught | 

Explore all around the rock—no caves willy -Wwow, violent localized 
or other rock shelters driving cold spray at times clear 

‘ 

Start back 3 p. mM. Day clear, beauti- °"" heads. All wet. Bump into | 
. . ¢ . . f 5 Te , j » 3 ie creT l 
ful view of the S.E. Umnak as well as and there is quite a time in gettin 





out and the dory on the ship; fortunat 
dory new, men efficient and so no 
damage. But a trip not for weakli J 
After 6, supper—not much appet 
after that walk and run. Stay over 


at anchor—a wale, and sea roug! 


K AGAMIL 
June 5. Bright morning. Um 
NW. Volcano, Vsevidov, glorious. | 
nally get to inner harbor of Nikolsk 
was too rough vesterday. Arrange 
later work—get a couple of specim« 
from boys—and after 9 start once n 


for Kagamil, to satisfy finally ab: - 
hazy report of additional cave o, = 
Reach after 1—divide party—exp) "ak 
coasts for over two miles to northeast ne 
and up to near vertical cliffs to west—1 ~ie. 
eave. But a small old village nm our 
trapper’s hut and another in a nort ie! 
east bight—neither important. Exar 
ine also rock shelter in side of hill behi: ude 
and to west of hut—nothing there ind 
Many beautiful views during the d ast | 
of the Umnak voleano, and somew! hu 


also of Mt. Carlyle. Once saw, too, th: ire 





upper part of Mt. Cleveland, with on 

small wreath of smoke from top. Cou eld 

ALEUTIAN MUMMY. FROM SHIPROCK not revist our caves, which still attract Spt 
ALL THESE MUMMIES WERE BURIED IN THE ‘‘ CON perhaps later in season _ 

TRACTED’’ POSITION, DRESSED IN SKIN GARMENTS June 6,8 Pp. M. Start once more f \leu 

COVERED WITH MATTING OR SKINS AND TIED. Amlia. Sea fairly good at first, but so od 

no 
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THE ‘*GANG’*’ LUNCHING AT THE MUMMY SHELTER ON SHIPROCK IN 


HE DIGESTIVE ORGANS OF PERSONS IN THESE REGIONS ARE NO PA 


STANTIAI SANDWICHES AND PLENTY OF Ho CoO} 

rough. large Waves, ship rolled much, KXAN AGA 
<icked, bumped, shivered. Whole night June 9. Heard of a burial cave on the 
so, more or less, and morning worse. At Kanaga Island Leave Amlia 4 A. M 
breakfast everything sliding and knock Rough Ship rolls and tosses so that 
ng—no meal. By near 9 pretty near sleep or meals impossible 
sick ; but at 10 enter Sviechnikov’s har Afternoon foe in addition but sea 
bor in south coast of Amlia—a great slightly better, though big ugly aves 
relief to all; but weak, and stomach bad After 5 a partial clearing, just enough 

After lunch poor luneh mouth to enable us to pass safelv into the ttle 
muddy—leave for headland. Search Kanaga harbor Entrance narrow 
and climb over slippery rocks, and at rocks both sides, wreck of the U.S. 8S 
ast find the cave—a bie orifice in base NSwallow on those of the left SI 
of huge basalt bluff, in a ravine. Cavity washed and sprayed over b nery 
argely filled with rocks, among which waves. A sombre sight 
traces of some mummies—could not have June 10 Gale from NW impossible 
held much—but what there was has been to lower dory. Men of little local Navy 
despoiled. A search among and under — station know several sites—we t a 
the rocks gives two damaged female number of skulls and a skeleton—but no 
Aleut skulls, some bones and a nice large cave. Hear of one on south coast the 
vooden dish. Search all neighborhood island, but distant and inforn it 


nothing further. definite enoug! 
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[LAK 
June 11 Morning quiet; sun, nice, 
mild Leave 7 A. M. for another visit to 


nothine was left—but 


Ilak to make sure 
stop for some time to examine the wreck 
of the Swallow and salvage some things 

Reach [lak after lunch, explore till 6 
nothing left in 
On a bluff 


at the southeast end, however, facing a 


Revisit the two caves 


them but a few stray bones. 


smaller island, I find an old village site, 
not known of before. 

In the 
southeast wind 
by the time we are through ship had to 
be moved out of the wind. A rough get 
ting back and especially aboard; but all 


eets clouded. 


afternoon sky 


rises, vets stronger, and 


ends well. 


No possibility 


To-morrow Amchitka. 


as to Tanaga. 





AN ALEUT 


THE MAN IS WEARING A TYPICAL OUTER GARMENT 
RESS OF THE WOMAN HAS ALREADY BEEN MODIFIED BY RUSSIAN INFI 
ALEUT BUT IS RATHER A NEGRO IN ALEUT 


WOODEN HAT. THE 
THE MAN REGRETTABLY DOES NOT APPEAR TO BE AN 
ING AND HAT. 





MONTHLY 


To KAGAMI 
Aug ST 
Ame] 
Umnak, and surveyed for old 
Islands. On A 


Last Visi 


Between June 11 and 


expedition excavated at 


the Commander 


on the Cutter Shoshone, ( 
Trebes, r.. we reached once 1 
Four-Mountain Group, to have 


look at our caves 

The 
Reach the islands, but can not ar 
about till 


rough and 


weather is 


keep rong mornin 


anchor near foot of Mt. Clevelan 


partly visible at any time 
a bad SW ‘‘full’’ gale 
wind 60 miles ai 


ho PoOssib 
doing anything 

Aug. 11. 
Ship roes over to 


Gale over, though st 


swell. Kava 


Duri 


chors off the rough shore, and so 


reach with dory the cove where 





COUPLE IN ALASKA 


WITH DECORATIONS, AND A TYPICAL DEC 


(AN OLD DESIGN BY CHORIS. 


cI 
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sad the second dav in 1936, and are ently 


fronted with the same old huge bad = many as te s. An 
perv boulders. Examine two miles wt was that the f 
oughest shore, to bevond warm cave, were burnt was 1 
sit both caves, and excavate, get in n these parts is s 
esses of rocks 5 more skulls. some cellous whalk Ss 1 
s, 2 long bone dart harpoons, a stone bones of the 
p and a few other specimens Light rather wea Al 
iin most of day, get all wet from grass; burnt skull in p . 
in warm eave fairly comfortable struction, has shown the t 
nd at 4 back to the ship Officers and Aleut peopl “he 
en from ship helped again all along, Umnak, wher in 
all most friendly In the warm eave, pre-Aleut 1 
vlow all the mummies removed in 1936 
nder a great slab It TOOK Tour OT us to cn ‘ ul 
ft it—found an additional cremation The scientific results 
burial of a woman and a child, doubtless — ploration in the Aleutian Is s 
sacrificed slaves. Layer of burnt bones as vet be fully appraised 
however extended over a large Space long for the materials ‘ 
farther—below all former contents of What can be said in ‘ ! S as 
main part of cave—and showed the eal lows: 
cined remains of more victims—appar Notwithstanding the 1 





AN ALEUT PAIR, SHOWING 
AS WELL AS THE TYPICAL 


j 
f 


THE TYPICAL NATIVE MALE AND 


FEMALE DR 
ALEUT WOODEN HAT. THE ' 


FIGURE ON HO 
NOMY OF A WHITE WOMAN—PERHAPS A RUSSIAN-ALEUT HALF-BREED . O 
MAY BE SEEN TWO baidarki—NATIVE CANOES AN 
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ALEUTS OF MIXED BLOOD 
MAINLY RUSSIANS, ON THE ISLAND OF UMNAK. 
THESE PRESENT-DAY ‘‘ ALEUTS’’ ARE A WEAKENED 
LOT, AND ARE SUBJECT TO MANY WHITE MAN’S 


DISORDERS. 


and extensive vandalism by trappers and 
other white men, a considerable amount 
of the old remains, skeletal and even cul- 
tural, have been preserved and saved. 
The number of skeletons and skulls 
from the found eaves reaches several 
hundred. The mummies alone counted 
over 70. The latest of these remains are 
doubtless from the earlier part of the 
Russian period, the earliest materially 
antedate it; but none are older than the 
second millenium, and probably the see- 
ond half of the second millenium, of our 
era. As none of the other mummies or 
remnants of mummies that so far were 
found in the Aleutian caves showed any 
creater age, it is inevitable to conclude 
that the practice in the islands was not 
very ancient. It is true that there may 


be mummy caves not vet discovere: 
the contents of which may throw f 
light on the subject. It is further | 
probable that the mouths of other 
caves have been sealed forever by 
of rock during earthquakes But 
the practice been ancient at least sor 
the caves that were found would 
shown it, for they were old format 
The mummifications and cave bu 
were practiced by the Aleuts up to 
for some time even after the advent 
the Russians. The proofs of this ar 
presence in a few of the latest bu 
in the Kagamil caves of syphilis, wl 
was wholly absent in the mass of 
earlier material: also the find in o 
the caves, with superficial remains 
remnants of an old-fashioned ‘‘s]| 


THE HOT MUMMY CAVE ON KAGAMII 


APPEARS FROM THE OUTSIDE TO BE A HUGE SI 


IN THE LAVA DEPOSITS, BUT INSIDE IT ENLAR 

INTO A GOOD-SIZED IRREGULAR CAVITY, TWO M 

BERS OF THE EXPEDITION MAY BE SEEN IN FRO 
OF THE ENTRANCE TO THE CAVE. 
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ALEUTS OF MIXED BLOOD, PARTLY RUSSIAN 


WoO OF THE sS'1 RDIER YOUNG MEN, WORKING IN HE SEA | ) 


maker’s’’ ron bladed knife, and also of Aleuts came an ePXTeNISI\ 1) \lent 

a piece of a white man’s cord population of taller, oblone-] 
The introduction of the methods ol more Indian-like peopl It is no ! 

both mummification and cave burials was tain that all the older sites throuehont 

apparently due to the easily identified the islands belong to the pre-Aleuts 

broad-headed Aleuts. The islands, it is though Aleut remains mav be fou n 

now definitely established, had had for many on the top. The Aleuts, it seems 

many hundreds of years before the could hardly have been in the islands for 
€ 
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3 al a 
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THE INHABITANTS OF ATTU VILLAGI 
ON ATTU ISLAND, WESTERN-MOST OF THE ALEUTIAN GRO 
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than perhaps three hundred Vears 


and 


the advent of the Russians 
‘*middens’’ which Dall 
son have been thought to be Aleut 
Aleut 
r but with the bulk pre-Aleut 


by 


ppear generally with but an 


ere is no indication that these 
sturdier pre-Aleuts perished or were 
ssacred by the newcomers They 
bably moved eastward, to the conti 


nent. They had not practiced mummifi 


a7 
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ALEUTS OF 


THE MAN IN THE CENTER COMES NEAR TO THI 


BLOOD, 


cation or cave burial during their stay 
the 


But, especially on Umnak and 


in the islands before the advent of 
Aleuts. 


the more western islands, the last pre 
Aleuts who were still there when the 
Aleuts came, mingled and mixed with 


these and adopted some of their customs, 
at 
oft 


including to some extent especially 
Umnak, it is evident—the 
burial. Thus at Shiprock (Umnak Pass) 
the mummies—males—were pre-Aleut, 
while directly by them there was a mass 
of burials of Aleut women and children 


new form 


MIXED 


MAI? 


ALEUTIAN 


In the Kagan aves t} 
predominated, tl \ t ntvy 
some mntermediates {)) I i 
in the warm cave s D 
mined, pre-Aleut the otl 
far as could be told ! t] 
tvpe. And similar itions 
eoexistence of thre TV pes 

by other islands ShHortiv att 


the Al iTS 


disappears ~ 


vent ol 


RBRLOOD 


OLD TYP! rH RES 


Y RUSSIAN 


of it 


seen) TO 
Aleuts 


western 


From where the 


the usages of mummification and 
deposits of the bodies, is uncertain 
such habits as vet are known of in} 
eastern Asia; and similar proced 
further to the eastward—on Kadiak 
Prince William Sound, on the isla 
of SE. Alaska and British Columb 
do not appear any older or even as 
The whole custom may have gradua 


developed among the 


weil amonyg 


Aleuts t} ( 
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Ale iTS broug! ‘ 


Ne 
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hinge whatever of that nature is Specimens wit! +] mui “ 
wn from among the Eskimo, or the numerous. and so 
nland Alaska Indians est. Thev ra 
The mummy bodies without exception skeletons—paddles ‘ ™ 
e in the typical contracted or ‘‘ fetus of armor. varments st alee tee | he 
the-utero’’ position, with the limbs bags and a wonder me 
led close to the body, the hands under ting. some exanisit 
on the face, the head bent a little for ated, to fine labrets an S] “ 
rd The little children were in skin some common st , mps and ‘ . 
basketry-like carriers, premature The abundance: iriet 
births in small bundles or wooden dishes ishable objects P 





MOUNT TULIK, A SLEEPING VOLCANO, ON UMNAK ISLAND 


TAKEN FROM UMNA PASS ( & | : mos 


The bodies were wrapped in sea-otter resurrection of an importa 
fur or bird-skin robes parkas) and old industries and give a rad 
mats, the whole bundle being tied into light on the Aleut cultur 


another mat or a sea-lion skin, laced The adult mummies, some st 
together or tied with interestingly made very good condition, showed 
cords, or with ropy kelp. rough opening, some through the 

The bundles so far as perceptible had neum, some through the upper part of 
not in general been suspended, but lay the chest, through which doubtless 
close in a mass or on rafters: some may viscera were extracted In no case 
possibly have been hung from the drift ever, from any localit vas tl 
wood posts in the cold Kagamil cave, remnant of a stuffing of the bo Sucl 
but no mark remained of such a suspen stuffing, if practiced, must th 
sion. have been limited to some lo« 1 ! 
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which there is no representation, or has 

in the course of time completely disap- 

peared. 

In at least two cases, both from Kaga- 
mil, there was preserved an individual 
skull, once in wrappings, onee in a 
wooden dish in moss The latter. which 
alone so far was examined, is the skull 
of a voung adult female without the 
mandible, lying snugly in the moss on its 
right side. It was evidently preserved 
thus already as a skull. These may have 
been trophies, or skulls of especially 
loved or esteemed individuals. 

The deposits in the warm cave on 
Kagamil gave also an abundance of loose 
feathers of several varieties of birds, a 
good many dried wings, and even some 
dried whole birds. These were doubtless 
offerings. One wooden dish contained 
no less than 18 dried wings of the ‘‘ pine- 
gerosbeak,’’ another a dried brown hawk 
skin. And there were a number of dishes 
with odds and ends of woman’s work. 

Among many loose skulls in the 
humid cold cave of Kagamil was one, 
normally developed, of a very extraordi- 
nary size (2005-2010 ce capacity). As 
there were no outstandingly large bones 
in the cave, this skull could not be 
attributed to any giant, which makes it 
the more remarkable. 

The study and deseription of all the 
cultural material will require much ap- 
plication and must be left to the experts 
on such matters. 


CONCLUSIONS 


Our expeditions in the Aleutian 
Islands, under the auspices of the Smith- 


sonian Institution, have located a) 
plored a series of mummy or buria 
and rock-shelters, which vielded 
tively a large amount of both sk 
and cultural materals. 

The mass of these materials are 
pre-Russian Aleuts; but the 
burials in the eaves or shelters 
post-Russian; while among the e; 
ones there was a scattering of the 
Aleut people. 

The mummies and burials ine 
both sexes and all ages: but ther 
noted here and there some see 
tion. 

The mummies in general had not 
suspended, but laid one upon the ot 
or side by side, on tiers of driftwood 

The adult mummies showed open 
either in the lower part of the p 
(perineum) or in the upper part of 
thorax, through which presumably) 
internal organs were removed: but 
the specimens found there were no 
mains of any stuffing. 

Beneath or to the side of the mum: 
and burials there were repeatedly for 
both in the caves and the rock shelt 
cremated remains of humans, proba 
slaves, but mainly women and child: 


The cultural materials recovered s 
a high degree of ability and even art 
try, not excelled in similar lines a 
where else on the American or other « 
tinents. 

The introduction of the practice 
partial mummification of bodies in 
Aleutian Islands must be attributed 
the Aleuts: but where or when it o1 
nated remains a problem for futu 
determination. 
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THE WHITE DWARF STARS 


By Dr. DIRK REUYL 


LEANDER MCCORMICK OBSERVATORY, UNIVERSITY OF 


‘¢«Twinkle, twinkle, little star, 
How I wonder what you are... 


Some twenty-five years ago the first 
white dwarf star was discovered, a 
spherical mass of gas with a familiar 
white-hot surface, of some 8,000° abso- 
lute and a presumably acceptable interior 
temperature of several million degrees, 
but ... of a density several thousand 
times greater than the earth’s precious 
solid platinum. 

In spite of refined researches with 
great telescopes, even to-day the total 
number known of this astounding type 
of stars is a mere score, a fact illustrating 
the difficulties met by the observational 
astronomer. Greater still are the ob- 
stacles confronting the theorist attempt- 
ing to solve the riddle of the internal 
constitution of these stars. It must be 
said, therefore, that the problem is still 
far from a solution, and perhaps has not 
advanced beyond a rather elementary 
stage. However, from its spectacular 
beginning it has been a problem of para- 
mount importance to physicists as well 
as to astronomers. 

No doubt the problem presented by 
the white dwarf stars deserves even wider 
attention, in view of its close connection 
with theories of stellar evolution, theo- 
ries of atomic structure, and other 
problems of more general interest. While 
writing this, I find that my contention is 
proved by a full page article in a recent 
issue of ‘‘Amazing Mystery Funnies.’’ 
The reader will find there, immediately 
preceding the ‘‘Phantom of the Fair,’’ 
the factual description of a white dwarf, 
interestingly adorned with pictures of 
steam shovels and derricks for moving 
ponderable things. Knowing that the 
white dwarf stars have penetrated the 


VIRGINIA 


American home, I feel justified 
encouraged to carry on with this arti 
Let us go back, not a 


years, but rather some twenty centuries 


mere twenty 


and note that observations of stars’ 
tions were made by Timocharis, Aristil 
lus and Hipparchus, a few hundred years 
before the birth of Christ. When, in 
1718, Halley compared these early posi- 
tions, as given in Ptolemy’s Almagest, 


posi- 


with the observations made in his day, 
that had 
The ‘‘fixed’’ stars are in 


he discovered small changes 


taken place. 
very slow motion with respect to 
another, and we have here the discovery 
of the ‘‘proper motions’’ of the 


a phenomenon which Halley described 


stars, 


as “‘not unworthy of consideration.’’ 
Proper motion of a star is its apparent 
motion across the line of sight as seen 
from the earth. 

The brightest star in the sky, Sirius, 
one of the stars studied by Halley, in a 
curious and devious way gave rise to the 
problem of white dwarfs under discus- 
sion. More than a century after Halley’s 
discovery, Bessel, in 1844, announced the 
variability of the proper motion of 
Sirius, which he had suspected since 1834. 
Sirius while traveling through 
rather than going straight like a well- 
behaved star, was found instead to move 
along a wavy line; not in a short period 
or with large waves, but in 50 years and 
a barely observable variation from a 
straight line. The influence of a sinister 
companion would indeed explain the 
erring behavior of Sirius, for Sirius and 
a companion would revolve around their 
common center of gravity as they move 
through space. Only the companion, 
though quite systematic in its gravitative 
effects on Sirius, had been elusive from 
observers. Its position was neatly com- 


space, 
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puted by Safford, in 1861, and the next 
year it was actually seen close to its pre- 
dicted position by Alvan G. Clark, the 
lens maker, in testing the refractor now 
at the Dearborn Observatory. Sirius and 
its companion, conveniently called Sirius 
A and B, then became easy prey for a 
seore of investigators, all hungry for 
facts about this exceedingly interesting 
system. Soon the orbits of A and B 
about their common center of gravity 
were computed, as also their relative 
masses. The total mass, through Kep- 
ler’s harmonic law, is known when we 
combine their known distance from us 
with the distance between them and the 
period of their revolution about their 
center of gravity. The determination of 
the parallax at the Leander McCormick 
Observatory is one of the several values 
obtained to anchor the star down in 
space. And also the apparent brightness 
was studied at McCormick by Dr. 
Vyssotsky, who was able to secure excel- 
lent photographs of this exceedingly 
difficult object, in close proximity to 
brilliant Sirius A but some 10,000 times 
fainter. 

Let us now return to the results of the 
careful weighing of Sirius A and B. We 
find that the total mass of both stars 
is 3.39 times the sun’s mass, Sirius A 
getting 2.44 and Sirius B 0.95, or almost 
that of the sun. And at once we notice 
how strikingly the near equality of the 
masses contrasts with the enormous dif- 
ference in rate of radiation—a mass ratio 
of 3.7 to 1 and a radiation ratio of 
10,000 to 1. Or, if we want to compare 
this faint companion with our sun, we 
have to explain the fact that Sirius B 
is more than 200 times fainter than the 
sun although it is of approximately the 
same mass. This difficulty could easily 
be overcome by assuming Sirius B to be 
a red dwarf star of so-called M type, 1.e., 
of low surface temperature, say about 
3,000° absolute. Its inseparable friend- 


ship with the white star Sirius of type 


AO, corresponding to a surface tempera 
ture of 11,000°, need not worry , 
Truly peace reigned supreme again after 
all the blame for Sirius’ disorderly coy 
duct had duly been placed upon 
companion. 

But this quiet proved to be only the 
lull before the storm which broke loose j; 
1915 when Adams made another star 
ling discovery on this star. He succeed 
in photographing the spectrum of Sirius 
B, a very difficult observation even with 
the great reflectors of the Mount Wilson 
Observatory. He classified the spectra] 
type as A7, corresponding to an effectiy, 
surface temperature of about 8,000°, and 
therefore of somewhat ‘‘later’’ type than 
Sirius A; in other words not quite s 
white hot, but with a touch of yellow 
The world—that is to say the smal] 
brotherhood of astronomers on their 
planet, to be more specific—became bad) 
upset by this announcement. Let us 
analyze why this sub-class No. 7 of type 
A caused such a commotion. We must 
first introduce the bolometric magnitud: 
a measure of the total radiation over th: 
entire spectrum of a star, as contrasted 
with the visual magnitude, which gives 
the star’s energy only in visual light, a 
rather limited range of wave-length in 
the yellow. 

Sirius A, of type AO or effective sur 
face temperature of 11,000°, has an in 
trinsic brightness given by the absolut: 
bolometric magnitude 0.97 on a scale on 
which the sun has the value 4.85. Trans- 
lating this into ordinary terms, we find 
that Sirius A radiates 36 times more 
energy than the sun. Since the effectiv: 
surface temperature of the sun is 5,700°, 
we find that the radiation of Sirius A pe’ 
unit area is 15 times that of the sun, since 
radiation per unit area is proportional 
to the fourth power of the temperature 
Therefore the ratio of the areas of Sirius 
A and the sun is 36/15 =2.4, and, there- 
fore, the ratio of their radii is the square 
root of 2.4, or 1.5. We are satisfied that 
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Sirius A with this radius and a mass of 
944 solar masses may be considered a 
very reasonable star. 

Let us now apply the same calculation 
to our trouble-maker, Sirius B. It is of 
type A7, or has a temperature of 8,000°. 
Comparing its faint absolute bolometric 
magnitude with that of the sun, we find 
that its energy output is only 1/360 that 
of thesun. Yet, because of its high tem- 
perature the radiation per unit area of 
Sirius B must be considerable; in fact, 
3.8 times that of the sun. This leads to 

1/360 
38 = 1/1400 
and for the ratio of the radii 1/37. 
That is, Sirius B is found to be a dwarf 
star with a radius of only 19,000 kilo- 
meters, or less than three times the radius 
of the earth. This may sound startling, 


a ratio for the areas of 
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but matters become definitely alarming 
when we realize that an amount of gas- 
eous matter practically equal to the mass 
of the sun is crowded into a sphere with 
a volume 50,000 times smaller than that 


of the sun. If we have managed up to 
now to stand up under the strain, we may 
sit down and calculate the densities of 
Sirius A and B. We find that the aver- 
age density of Sirius A is about that of 
water, but that the little Sirius B has a 
density about 70,000 times as great—a 
cubic inch of it at the surface of the earth 
would weigh roughly a ton. 

At this point Eddington admitted that 
it would seem reasonable to dismiss the 
conclusion as absurd. However, he chose 
to attack the problem theoretically. 
Among the first approaches was to find 
whether the certain consequences of Ein- 
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WAVE MOTIONS OF SIRIUS A (FULL CURVE) AND 

SIRIUS B (DASHED CURVE). THE CENTER OF GRAV- 

ITY OF THE SYSTEM TRAVELS ALONG THE STRAIGHT 
LINE AT UNIFORM SPEED. 


stein’s theory of relativity actually ex- 
isted. When light waves pass through 
a gravitational field their frequency is 
decreased; in other words lines in the 
spectrum will be shifted toward the red. 
Since the effect is proportional to the 
mass and inversely proportional to the 
radius of the attracting body, we find 
that Sirius B provides an excellent test 
ease, because the predicted effect is 34 
times that of the sun. This would pro- 
duce a shift in the spectral lines corre- 
sponding to a velocity in the line of sight 
of about 20 kilometers per second. For- 
tunately we are dealing with a double 
star system, and hence by making differ- 
ential measures between the spectral lines 
of A and B, the line of sight velocity of 
the system as a whole does not enter into 
the picture. Adams observed a shift of 
23 kilometers per second, which leaves us, 
after allowing for 4 kilometers per second 
due to orbital motion, with 19 kilometers 


per second as the observed relativity dis. 
placement. As Eddington explained, the 
observation by Adams killed two birds 
with one stone, not only in giving a splen- 
did confirmation of Einstein’s relativit 
displacement, but also in proving th 
extremely dense condition of Sirius B. 

How to explain this condition is an. 
other matter. Eddington reasoned that 
the only satisfactory solution would be 
in assuming the gas to be in a state of 
complete ionization; that is, the atoms 
are not only stripped of their outer e! 
trons but of their inner ones as wel! 
Under normal conditions the electrons 
remain in their places and keep their 
proper distances, leaving a great deal of 
empty space in the atom of which they 
are members. Under extreme ionization 
they become independent individuals and 
are free to crowd together into the super- 
dense material which constitutes the 
white dwarf interior. At once Edding- 
ton was confronted with a new riddle 
How can the gaseous matter cool down 
and finally turn into the state of an ordi- 
nary solid composed of atoms? In the 
change into atoms the star will have to 
expand to a radius ten times larger 
against the force of gravitation, and 
therefore it will require energy in order 
to cool! From where is this energy ex- 
pected to come when ultimately the sup- 
ply from the interior becomes exhausted! 

Quoting Eddington, we must indeed 
‘‘imagine a body continually losing heat 
but with insufficient energy to grow 
eold!’’ ‘‘I do not see,’’ remarked Ed- 
dington, ‘‘how a star which has once got 
into this compressed condition is ever 
going to get out of it.’’ 

The solution as given by Fowler in 
1926, sounds simple enough. The star 
never does get out of this condition, but 
with its high density and relatively low 
surface temperature must be considered 
a gas in ‘‘degenerate’’ state. Work by 
Fermi, Dirac, and later by Lindemann, 
has been utilized by Milne, who points 
out that the ultimate fate of the particles 
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in such a state is complete organization. 
We shall then have a manifestation of the 
highest degree of atomic order and regi- 
mentation. ‘‘Freedom is non-existent, 
the final state represents atomic civiliza- 
tion in its highest form—or its lowest 
form, if my hearers prefer,’’ quoting 
Milne from his Halley lecture, delivered 
on 19 May, 1932. According to Fowler, 
the white dwarf at the end of its life, in 
other words, completely degenerate and 
at the absolute zero, is analogous to one 
gigantic molecule in its lowest quantum 
state. The meaning of temperature has 
vanished ; it may well be called zero. 

The reader will observe that this final 
state offers a condition for which the ex- 
tent of ionization may at the same time 
be called complete and zero! The par- 
ticles, first liberated under a communistic 
white dwarf régime can only find that 
ultimately they must die in complete 
subordination, to the totalitarian state of 
the ‘‘black’’ dwarf. To reach this final 
stage of ‘‘black’’ dwarf, Milne suggests 
that the star in its white dwarf state con- 
sists of a degenerate core surrounded by 
a shell of ordinary gas. This non-de- 
generate shell, in cooling would exhibit 
the gradual reddening of the star. 
Simultaneously, its composing matter 
would gradually turn from the normal 
into the degenerate state, until finally the 
entire star had become degenerate. 

We must now do great injustice to fur- 
ther valuable theoretical investigations 
by leaving these aside in order to use the 
remaining space for a review of impor- 
tant recent observational work. 

In surveying the spectra of the known 
nearer stars, and of those suspected of 
being near-by, Kuiper and others have 
discovered a considerable number of 
white dwarf stars. Because of their small 
size, the stars are faint, in spite of their 
comparative nearness, as stellar distances 
go, making the difficulty of detection very 
great. Whiteness of these faint, pre- 
sumably near-by stars is, therefore, the 
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first criterion. Spectral characteristics 
such as lines widened by the Stark effect 
and of unusually great intensity in the 
violet, are practically conclusive. If the 
star lies within reach of the great ‘‘ paral 


lax’’ telescopes, the determination of its 
distance will serve to settle matters defi- 
Not only for Sirius B, but 
for four other white dwarf stars, 
McCormick 


For two of Kuiper’s re- 


nitely. also 
was the 
parallax determined at the 
Observatory. 
cently discovered stars the distances, sub- 
stantiating the white dwarf character, 
have the 


Several more stars are under observation, 


been determined by writer. 


leaving untouched only those for which, 
on of their extreme 
exposure times would become prohibitive 

The white dwarfs found up to date, 
though small in number, show conclu- 


account faintness, 


sively some degree of variety in their 
spectra, some being bluer, others more 
their intrinsic 
brightness 


Knowledge of 
apparent 


yellow. 
luminosities, from 
and parallax, is imperative in order to 
study their place in the scheme of stellar 
evolution. 

SIRIUS A 


SUN 


RELATIVE DIAMETERS OF SIRIT THE SUN AND 
SIRIUS B. SIRIUS A HAS A MASS 2.4 TIMES THAT 


S A, 


OF SIRIUS B WHICH IN TURN HAS A MASS EQUAL 
TO THAT OF THE SUN. 
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THE ABSOLUTE MAGNITUDES AND SPECTRAL TYPES 
For 1206 STARS FOR WHICH PARALLAXES HAVE BEEN DETERMINED AT THE LEANDER MCCORMICK 


OBSERVATORY. 


THE THREE POINTS IN THE LOWER LEFT-HAND PART OF THE DIAGRAM BELONG TO 


WHITE DWARF STARS. 


I will not discuss all the established 
white dwarf cases in detail, but will men- 
tion some of the interesting incidents 
that occurred in the course of their dis- 
covery. 

There are, for instance, some cases 
where the spectrum is entirely devoid of 
lines, just continuous. One of these 


stars, No. 8247 in the zone of 70° north- 
ern declination of the Astrographic Cata- 
logue, was assigned by Kuiper, on the 
basis of its peculiar spectrum, an effective 
surface temperature of 28,000°. Since 
the distance of this star had been deter- 
mined, its intrinsic brightness could be 
derived. Realizing that the latter is pro- 
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portional to the square of the radius and 
the fourth power of the surface tempera- 
ture, this relation was utilized to derive 
the value of the radius. It was found to 
be equal to one half of the earth’s radius, 
making this star the smallest known. A 
direct determination of the mass was not 
possible, but from the theoretical rela- 
tion between radius and mass derived 
by Chandrasekhar for degenerate gas 
spheres, the mass could be calculated and 
was found to amount to 2.8 solar masses. 
This amount of matter, then, is all packed 
in a sphere with only half the earth’s 
radius. It can hardly be a surprise any 
more that the figure for the density as- 
sumes staggering dimensions. We find 
it to be 36 million times the density of 
water, weighing a mere 620 tons per cubic 
inch if at the surface of the earth. Inci- 
dentally, the force of gravity on the sur- 
face of the star is 34 million times that 
on earth. 

Of all white dwarfs, only three are 
near-by stars, situated within 16 light 
years of the sun. In fact, all the others 
are beyond 40 light years. If we assume 
that no more stars will be found within 
this limit, we can calculate the relative 
frequency of the white dwarf stars. The 
frequency of all stars in the neighbor- 
hood of the sun, that is, within 25 light 
years, is fairly well known from various 
methods of attack. If we adopt one of 
the more recent determinations, that by 
van Maanen, the white dwarfs are found 
to constitute about one per cent. of all 
stars. However, it seems likely that this 
estimate may be much too low; in fact, 
the white dwarfs may prove to be quite 
abundant. At any rate, whether of ex- 
ceptional type or not, they will continue 
to oceupy a first rank position among 
astrophysical problems. 

Much research remains to be done, not 
only with regard to the white dwarfs as 
such, but also to their relation to other 
stars, notably the relatively dense nuclei 
of planetary nebulae and the ‘‘end- 
products’’ of the exploding novae. The 
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spectral features in common between 
these stars and the white dwarfs would 
point to a possible relationship. Their 
densities, however, though of the highest 
among the ** 
for those of the extremely compressed 
white dwarfs. 

Possibly further insight into the prop- 
erties of super-dense matter may lead to 
a better understanding of the constitu- 
tion of the more normal stars. If the 
problem of stellar evolution is to be 
solved, we must fit into its scheme not 
only these super-dense stars, but also the 
massive super-giants in highly diffuse 
states, the unstable configurations pre- 
sented by the pulsating Cepheid varia 
bles, ete. 

Perhaps the ‘‘gap’’ in luminosity be- 
tween the normal bright 
white stars and the faint white dwarfs 
may eventually be filled, depending on 
the outcome of extended spectral analy- 
ses and distance determinations. For 
this purpose we at the McCormick Ob- 
servatory are determining the distances 
of all white stars which, on the basis of 
proper motion and apparent brightness, 
show a promise of being ‘‘intermedi- 
ates.’’ 

The figure taken from Volume VIII of 
the Publications of the Leander Me 
Cormick Observatory will serve to illus 
trate this further. In this familiar 
Russell-Hertzsprung diagram, 1206 stars 
are plotted according to their spectral 
types and absolute magnitudes—as a 
measu~e of their luminosities— 
determinations of their parallaxes with 
the McCormick refractor. 

At the first glance the diagram may 
appear as the cold, matter-of-fact statis- 
ties of 25 years of continuous parallax 
research. However, looking more in- 
tently, we shall read in it a vivid descrip- 
tion of the variety of brilliance and color 
of a sidereal Broadway. At once con- 
spicuous features attract our attention, 
the near equality in brightness of the 
most brilliant displays, the stars on the 


normal’’ stars, are no match 


intrinsically 


based on 
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‘‘giant’’ branch, regardless of their 
color; the gradual dimming of the less 
assuming lights, the stars on the ‘‘Main 
Sequence,’’ as we pass from the bluest, 
along orange and yellow to the reddest 
members; and last but not least the 
feeble, unjustly modest display of the 
white dwarfs, in splendid isolation. 

It must be stated that Sirius B, among 
others, does not appear on the Mce- 
Cormick diagram, as its distance was not 
determined directly, though it is known 
accurately through measures of Sirius A. 
However, the inclusion of the omitted 
white dwarfs would not materially alter 
but would rather strengthen the position 
of this small group of B and A type stars 
of low luminosity. 

From the evolutionary point of view 
it can be stated with certainty that the 
diagram as a whole represents a set of 
loci of equilibrium points, each point 
representing some particular stage in the 
process of stellar evolution. As to the 
course of travel there may well be a mul- 
titude of tracks on this emplacement. 
Presumably abundant will be the course 
of gradual changes of luminosity, color, 
mass, etc., along the same or parallel 
tracks. Then again we may have to deal 
with unruly bodies which would at times 
prefer to jump their tracks in order to 
proceed on others. 
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Valuable contributions to the interpr, 
tation of the Russell-Hertzsprung 4 
gram in recent years have been made }y 
Strémgren and others, through studies o; 
the hydrogen content masses and rad 
of the stars. 

As to the white dwarfs, the importance 
of observational work such as Kuiper’s 
need hardly be emphasized, and no less 
that of those who, through equally pains. 
taking research, provided the suspects 
the relatively small group of stars ; 
large proper motion. Discoveries of new 
white dwarfs, extended studies of their 
spectra and determination of their in. 
trinsic brightnesses will serve not only t 
add to our knowledge of these objects 
but also may throw new light on their 
relations to the other stars. 

Then, also, there may come an an- 
nouncement of the discovery of the first 
yellow or perhaps red ‘‘subdwarf,’’ pos- 
sibly cases of former white dwarfs well 
on their way to their ultimate fate, th 
*‘black’’ dwarf state of death of all 
super-dense matter. 

These types of stars, however, are stil! 
brain-children of theorists, and to som 
degree products of wishful thinking and 
dabbling in speculation. Whether or not 
they are missing links in the evolutionary 
scheme and do exist in space, time onl) 
ean tell. 
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HEREDITY AND THE LAWYER 


By Dr. ALEXANDER S. WIENER 


SEROLOGICAL LABORATORY OF THE OFFICE OF THI 


CHIEF MEDI L EX 


OF NEW YORK CITY 


In recent years, Judges, juries and 
lawyers have become more receptive to 
the application of scientific knowledge 
for the solution of problems arising in 
eourts of law. Still fresh in the minds 
of most American citizens is the Lind- 
bergh kidnapping case, in which an ex- 
pert on wood linked Bruno Hauptman 
with the crime by showing that the wood 
in the ladder used in the kidnapping had 
been taken from the floor of the attic in 
the Hauptman home. The Ruxton case 
in England, in which portions of the 
dismembered bodies of Mrs. Ruxton and 
her nurse-maid were successfully pieced 
together and identified, is another good 
example of the successful application of 
scientific methods in a criminal ease. 

Not infrequently courts of law are 
confronted with cases where a knowledge 
of genetics is of value. For instance, the 
decision of the court may depend on 
whether or not a particular individual is 
the child of a certain man and a certain 
woman. The most common examples are 
paternity proceedings, where the child 
has been born out of wedlock and the 
mother claims a particular man to be the 
father. In these cases, it is important to 
fix properly the responsibility for the 
support of the child, who might other- 
wise become a public charge. In divorce 
eases, the husband may assert his wife 
to be guilty of adultery, and as evidence 
of such adultery endeavor to prove that 
he can not possibly be the father of the 
child born during their marriage. In 
inheritance cases, impostors have put in 
claims by posing as long-lost heirs to the 
estate. The most notorious example in 
recent years of such an unsuccessful 
attempt is the Wendel case. 





In the thirteenth century problems of 
blood relationship were claimed to be 
*‘solved’’ in Japan and China by the 
**blood-dropping test,’’ in which drops 
of blood of the individuals being tested 
were allowed to fall into water simulta- 
neously; if the drops « 
that a relationship ex 


ime t& cet he 
conclusion 
As recently as 1929, a 


was 
isted. 
part of this naive test was invented 
Zangemeister. 
sera of the child and the putative father 
were mixed and the mixture 
in a photometer for an increase in 


. ; 
In Zangemeister’s test the 


examined 
tur- 
bidity, the occurrence of which was sup- 
A sim- 
lar turbidity was supposed to appear in 
mixtures of the 
wife, but mixtures of sera of 


posed to be proof of paternity. 


sera of husband and 
unrelated 
individuals were said to remain perfectly 
clear. Zangemeister stated that this sup- 
posed phenomenon was the result of the 
immunization of the mother and fetus in 
utero to the sperm of the father. This 
test and a invented by 
Zangemeister for the diagnosis of 


similar one 
preg 


nancy were 
hands, so they have been relegated to the 


successful’’ only in his own 


same category as the tests used in Japan 
and China in olden times. 

A more valid method of establishing 
familial the 
time among the most ancient is by dem- 
onstrating a facial 
child to its parents. 
is so common that it hardly requires dis- 
The most outstanding example 
pair of 


relationship and at same 
resemblance of the 
This phenomenon 


cussion. 
is the 
monovular or 
twins, Such twins result when a single 
ovum fertilized by a single sperm, in- 
stead of developing into a single individ- 


resemblance between a 


so-called ‘identical ’”’ 
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ual, splits in half, and each half develops 
into a separate individual. On the other 
hand, biovular, or ‘‘fraternal’’ twins 
develop from entirely different fertil- 
ized eggs and therefore, aside from the 
fact that they are of equal age, are no 
more alike than ordinary brothers and 
sisters. Monovular twins are as much 
alike and no more different than the two 
sides of the body, so that it is difficult 
for strangers to tell one from the other. 
So great was the faith of the ancient 
Carthaginians in resemblance as a cri- 
terion for determining parentage that 
all children at the age of two months 
were examined by a special committee, 
and if the resemblance to the father was 
not great enough they were done away 
with. 

In courts of law the resemblance be- 
tween the child and its supposed parents 
has frequently been advanced as evi- 
dence of parentage. In the Wendel case 
the claimant to the estate pointed out 
the similarity between his own features 
and those of a bust of the deceased. 
Establishing parentage by resemblance 
has, however, many serious limitations. 
When the likeness is particularly strik- 
ing, as in the case of identical twins, 
little doubt would seem possible, but as 
a rule the resemblance is not so strong. 
In ascertaining resemblances there is a 
strong subjective element, particularly 
with infants and young children whose 
features are not fully formed. More- 
over, features will change as a result of 
age, diet, disease, injuries, ete., and in 
this way one can easily be misled. Two 
closely related individuals may appear 
entirely different; two homely parents 
ean have beautiful children, and two 
beautiful parents can have homely 
children. 

On the other hand, two totally unre- 
lated individuals may strikingly resem- 

1Cf. A. Scheinfeld, ‘‘You and Heredity,’’ 
Chapter XXVIII. New York: F. A. Stokes 
Company. 1939. 
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ble each other, as in Mark Twain’s nove! 
**The Prince and the Pauper,”’ and ther; 
have been such instances reported in ¢] 
daily press, involving prominent per. 
sonalities. Resemblance is even mor 
difficult to ascertain when comparison js 
made not between two living individuals 
but between two pictures or busts. F 
these reasons, many courts of law, such 
as those in New York State, do not per 
mit the exhibition of the child to the jur 
for purposes of comparison with the 
putative father in cases of disputed 
parentage. Indeed, such a proceeding 
would merely serve to arouse the emo- 
tions of the jury and prejudice them 
against the defendant, rather than per- 
mit a sober unbiased appraisal of the 
situation. 

The main cause for the difficulties 
entailed in applying resemblance as a 
mode of establishing parentage is that 
the features are the complex result of 
the many separate characteristics which 
enter into it, each of which has its own 
independent inheritance. A more scien- 
tific approach to the problem, and a more 
objective one, is through the use of so- 
ealled ‘‘unit characters.’’ 

As Mendel first pointed out at the 
middle of the nineteenth century, such 
unit characters are transmitted by deter- 
miners now known as genes. As an 
example of a unit character let us con- 
sider the color of the eyes. For sim- 
plicity, eye colors can be classified as 
dark and light. These characters are 
inherited by means of a pair of allelic 
genes, which may be designated by the 
letters d and Il, respectively, where d 
represents the gene for dark eyes, / the 
gene for light eyes. Since each individ- 
ual has in his somatic cells two genes for 
each unit character, one from the father 
and the other from the mother, there are 
three genotypes possible with respect to 
the genes d and /, namely, dd, ll and d/ 
Obviously, individuals of genotype dd 
will have dark eyes and individuals of 
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cenotype Ul will have light eyes. With 
regard to the individuals of genotype dl, 
Davenport has shown that the gene for 
dark eyes is dominant over the gene for 
light eyes, so that such individuals will 
have dark eyes. 

With the aid of Davenport’s theory of 
the inheritance of eye color it is possible 
to predict the colors of the children’s 
eyes if those of the parents are known. 
There are three matings possible: (1) 
both parents dark-eyed, (2) one par- 
ent dark-eyed and the other light-eyed 
and (3) both parents light-eyed. Let 
us consider, for example, the matings 
where both parents have light eyes. In 
these cases both parents are of genotype 
ll, and as every germ cell contains one 
and only one gene from each allelic pair, 
all the germ cells of both parents will 
contain gene /. At fertilization, there- 
fore, only zygotes* of genotype lI will be 
produced and all the children will have 
light eyes. The other matings are 
worked out in a similar way, but one 
must bear in mind that when a parent 
has dark eyes his or her genotype may 
be either dd or dl. 

The results of Davenport’s theory may 
be summarized as follows: (1) when one 
or both parents have dark eyes the chil- 
dren can have either dark or light eyes; 
(2) if both parents have light eyes none 
of the children can have dark eyes. The 
rule of practical importance is the sec- 
ond, since on this basis it would theo- 
retically be possible to prove that a given 
individual is not the father of a certain 
child. If a woman has light eyes and 
her child dark eyes, then no man with 
light eyes could be its father; on the 
other hand, if the accused man in such 
a case had dark eyes, that would not 
necessarily prove that he was the father 
of the child, since a large percentage of 
individuals have dark eyes. 

Unfortunately, there are a number of 
serious obstacles to the reliable applica- 


2 Fertilized ova. 
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INHERITANCE OF EYE COLOR IN MAN 
GENOTYPES OF PARENTS ARE INDICATED BY LET 
TERS AT TOPS OF DIAGRAMS; THE GAMETES (GERM 


CELLS) BY LETTERS AT CENTERS AND THE GENO 
TYPES OF THE CHILDREN AT BOTTOMS 


tion of Davenport’s theory of heredity 
of eye color in medico-legal cases. First 
of all, the simple classification of eye 
eolor as dark and light does not corre- 
spond with the real state of affairs. 
Actually, a rather large variety of colors 
and shades exist, such as brown, black, 
gray, hazel, blue and green; in albinos 
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the eyes may be pink. To allow for these 
possibilities it is necessary to postulate 
the existence not of a pair but of mul- 
tiple allelic genes. Moreover, the domi- 
nance of the dark colors, brown and 
black, over the lighter colors, gray, blue 
and green, is not absolute, so that occa- 
sionally individuals of genotype dl may 
have light eyes instead of dark eyes. If 
two such light-eyed individuals inter- 
marry they might have a dark-eyed 
child, thus upsetting the rules of heredi- 
tary transmission. Finally, the eye color 
does not remain constant throughout 
life. In newborn infants the eyes are 
usually blue or some other light color, 
but later on they may change to a darker 
color such as brown; moreover, one’s eye 
color may change as a result of disease 
involving the iris, or in old age. 

When we turn to other normal physi- 
eal characters we encounter similar 
obstacles to their application in prob- 
lems of parentage. For example, though 
there is no doubt that the type of ear- 
lobe, whether large and free or small and 
attached to the side of the head, is hered- 
itary, the mechanism of transmission is 
not clear-cut, so that it is not possible 
to predict with absolute certainty what 
type or types of ear-lobes the children 
will have when those of the parents are 
known. The same may be said for the 
finger-prints, the use of which in pater- 
nity disputes has been advocated by 
certain investigators (Nurnberger, Bon- 
nevie). It might seem that the finger- 
prints would furnish the ideal solution 
in problems of disputed parentage in 
view of their pronounced individuality. 
However, it appears that the mechanism 
of heredity of the finger-prints must be 
almost as complicated as the finger- 
prints themselves, and even to-day their 
heredity is not clearly understood. One 
limitation is that the finger-prints on the 
right and left hands of the same indi- 
vidual may be quite different (as are the 
finger-prints of identical twins), al- 


THE SCIENTIFIC MONTHLY 


though such prints show a closer rese; 
blance than the prints from unrelated 
individuals. 

In fact, hardly any of the norma! ing). 
vidual differences among human beings 
visible to the unaided eye have as per. 
fectly simple an inheritance as 
described by Mendel in his 
studies on the sweet pea. There 
however, individual differences an 
normal humans which are not visible + 
the naked eye, but are of a biochemica] 
nature which exhibit a simple Mendelian 
inheritance. The most important 
these characters are the blood groups 
O, A, B and AB. The existence of 
dividual differences in human blood was 
discovered by Landsteiner in 1900-0] 
who with Levine also discovered the s 
called human blood types, M, N and MN 
in 1928. 

What blood group a person belongs t 
is determined by testing his red b! 
cells for two substances known as 
glutinogens A and B, respectively. T! 
chemical nature of these substances is 
not completely understood, though t! 
seem to be related to polysaccharides 
and no physiological function has beer 
found that they perform. Their pres. 
ence or absence in the blood is deter- 
mined with the aid of two 
containing agglutinin anti-A, the other 
anti-B, which act on blood containing 
agglutinogens A and B, respectively. Ii 
the agglutinogen in question is present 
in the cells, the cells will clump together 
(or agglutinate) into large masses; if 
the agglutinogen is absent, no clumping 
of the cells occurs. If no agglutination 
occurs in either serum, the group is 0; 
if clumping occurs only with the anti-A 
serum, the group is A; if clumping oc- 


} 
Class 


sera, one 


eurs only with the anti-B serum, the 


group is B; and if clumping occurs wit! 
both sera, the group is AB.* 

8 These reactions are the basis of the f: 
sequelae which may result if blood of the in 
proper group is administered in a blood trans 
fusion. 
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As Bernstein has shown, the inheri- 
tance of the blood groups is determined 
by a series of allelic genes A, B and QO, 
where genes A and B determine agglu- 
tinogens A and B, respectively, and are 
dominant over gene O.* Corresponding 
to the four blood groups, therefore, six 
senotypes are possible, as follows: Group 
O—genotype OO; group A—genotypes 
AA and AO; group B—genotypes BB 
ind BO; group AB—genotype AB. It 
is a simple matter to ascertain what 
groups can occur in the children when 
the groups of the parents are known, in 
the manner outlined when discussing the 
nheritance of Ten matings 
are possible, and these together with the 
‘hildren possible are given in Table 1. 


eve-color. 


TABLE 1 


Tue LANDSTEINER BLoopD GROUPS IN PARENTS 
AND CHILDREN 


Groups of 
children not 


Groups of 


Groups of chfidven 


parents possible possible 
1.0 xO Oo A, B, AB 
2 O xA O, A B, AB 
3.0 xB 0, B A, AB 

._ = 2 O, A B, AB 
5. A xB ©, A, B, AB - 
6 B xB 0, B A, AB 

7. O xAB A, B 0, AB 

8 A xAB A, B, AB Oo 
9 B xAB A, B, AB Oo 
10. ABxAB A, B, AB Oo 


For those interested primarily in the 
application of blood grouping in cases 
of disputed parentage, it is sufficient 
merely to remember the following two 
laws of inheritanee: (1) Agglutinogen 
A or B can not appear in the blood of 
a child unless present in the blood of 
one or both parents. (2) A group AB 
parent can not have a group O child, 
and a group O parent can not have a 
group AB child. 

To illustrate how this knowledge is 
applied, a ease will be described in which 
a mixture of babies occurred in a Chi- 
cago hospital in 1930, the problem finally 

‘The heredity of the blood groups has been 


compared to that of the color of flowers and to 
that of the color of the eyes. 


being solved by the blood grouping tests 
Mr. and Mrs. B., on returning home 
‘rom the hospital with their bal no 
ticed that it bore a label on its back with 


‘W.”’ Thev immediat 


the name ‘ 


ried to the home of Mr. and Mrs. W. and 
it was found that the baby there had a 
label “‘B.’’ on its back The poor 
parents were in a quandary, not know 


ing whether they had taken their own 
babies home or the labels on t! 5 
backs were correct, and they sued the 
hospital for damages. The court ordered 
blood tests to be made and the findings 
were as follows: 
Blood of: Group B f G 1 
Mr. B. AB Mr. W O 
Mrs. B. O Mrs. W. oO 
naa **'w."? O Baby ‘‘B.’’ \ 
Since two parents of groups AB and 
OV, respectively, can have only children 


of groups A and B, but not of group O 
or AB, it is evident that the baby 
the label ‘‘W.’’ on its could not 
possibly be the child of Mr. and Mrs 
B.; on the other hand, the baby labelled 
**B.”’ eould be their child Moreover, 
since two group O parents can only hav 
group O children, Mr. and Mrs. W. could 
not possibly be the parents of the baby 
labelled ‘‘B.’’ but could be the 
of the other child. 
grouping tests solved the 
and, by order of the court, 
were exchanged 
own parents. 

It is evident that with the aid of the 


; 


with 


back 


parents 
In this way the blood 
vexing problem 
} 


the children 


and restored to their 


} 


blood tests it is possible to assert only 


can not be the 


that a given individual 
father of a given child in those instances 
where the groups do not conform with 
the laws of inheritance cited above. It 
is not possible to assert with certainty 
that a certain person is the parent of a 
given child, except where it is 
that one out of a few individuals 
could be the father, and all but one of 
When 


a man has been unjustly accused of the 


known 


} 
oni 


these are excluded by the tests 
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paternity of a given child, his innocence 
can be established with the aid of the 
blood groups in about one sixth of the 
cases. The number of such cases which 
can be solved was doubled by the discov- 
ery in 1928 by Landsteiner and Levine 
of two additional agglutinogens of 
human blood, designated by the letters 
M and N. These properties, which are 
entirely independent of the agglutino- 
gens A and B, determine three types of 
blood, M, N and MN, and are trans- 
mitted with the aid of a pair of allelic 
genes, M and N. Corresponding to the 
types the following genotypes exist : type 
M—genotype MM; type N—genotype 
NN; type MN—genotype MN. On the 
basis of this theory, the inheritance of 
agglutinogens M and N is as given in 
Table 2. For use in the courtroom it is 


TABLE 2 


THE AGGLUTINOGENS M AND N IN PARENTS 
AND CHILDREN 











Types of Types of 
ee children children not 
P possible possible 
1. MNxMN M, N, and MN 
2 MNxN N and MN M 
3. MNxM M and MN N 
. oe <i MN M and N 
5. N xN N M and MN 
6M xM M N and MN 





sufficient to remember the following two 
laws: (1) The agglutinogens M and N 
ean not appear in the blood of a child 
unless present in the blood of one or both 
parents. (2) A type M parent can not 
have a type N child and a type N parent 
can not have a type M child. 

One case will be cited to illustrate the 
successful application of the agglutino- 
gens M and N for solving a problem of 
disputed parentage. A woman sued her 
husband on account of non-support. He 
counter-claimed with a suit for annul- 
ment on the ground that he was not the 
father of his wife’s child, but had been 
led to marry her by her false assertion 
that the child was the result of one of 
their clandestine meetings during her 


THE SCIENTIFIC MONTHLY 


previous marriage. When 


the bloo g 
were examined by the writer, no definit: 
conclusions could be drawn from the 


tests for A and B. However, it was 
found that the woman in question be. 
longed to type N and the child to type 
M, so that she could not be the mother 
of her supposed child. Further invest). 
gations revealed that the woman in th, 
ease had been married six times previ. 
ously, and some old hospital records 
were found which revealed that she had 
had an operation some time previous); 
which made it impossible for her to have 
had a child. Her contention was tha: 
the midline scar on her abdomen was th; 
result of a Caesarean operation, thoug! 
she could not produce the surgeon wh 
was supposed to have performed thy 
operation. Finally, the orphanage was 
located from which she had adopted t! 
child which she used to perpetrate the 
fraud on her present husband. 

Other cases in which blood grouping 
tests can be applied are inheritance dis. 
putes, divorce and rape cases, and kid. 
napping cases. Where litigation 
anticipated in inheritance cases it may 
even be wise to take blood grouping tests 
on the deceased at the time of death. 0! 
special interest are problems of pater. 
nity involving twins. If the twins are 
monovular they must have come from 
the same father, of course. In the case 
of fraternal twins, however, it is theo- 
retically possible for each, while it has 
the same mother, to have a different 
father. This occurrence is known as 
superfecundation, and is scientifical! 
possible though most difficult of proof 
In 1934 Judge A. B. Tripp, sitting in 
Yankton, granted a divorce to a man on 
the grounds of infidelity. The man re 
quested and obtained custody of the twin 
who looked like him, and the wife was 
left with the twin who looked like the 
neighbor. A more scientific conclusion 
would have been possible in this case had 
blood tests been made and it had been 
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shown that the claimant was not the 
father of one of the two twins. Accord- 
ing to Time magazine,° American medi- 
eal records of the last century contain 
reports of cases of two white girls, each 
of whom ecohabited in rapid succession 
with a Negro and a white man. The 
result was that each bore twins, one of 
which was white, the other mulatto. 

As mentioned above, a falsely accused 
man can be exonerated by means of the 
four blood groups in one sixth of the 
eases, and his chances have been in- 
ereased to about 33 per cent. by the dis- 
covery of the properties M and N. The 
question may arise whether by the dis- 
covery of additional blood factors the 
percentage of successful cases can be 
raised to 100 per cent. Theoretically 
this ideal can be approached but not 
reached, since with each new factor that 
is tried there is overlapping with the 
older blood tests, some men being ex- 
cluded by more than one of the blood 
tests. It might be mentioned that addi- 
tional properties in human blood besides 
A, B, M and N have been discovered 
which can be used in problems of dis- 
puted parentage, but they have not been 
studied enough to warrant their use 
in the courtroom at the present time. 
Where one is asked to offer a private 
opinion as to paternity their use might 
be permissible, if the required reagents 
are available. The more important of 
these factors are the agglutinogens A, 
and A, (varieties of A agglutinogen), 
the agglutinogen Rh and agglutinogen 
P. In addition, people of groups A, B 
and AB may secrete group specific sub- 
stances in their saliva, and the capacity 
to secrete them is hereditary. While 
morphological traits such as eye color, 
dimples in the chin, hair color, ete., do 
not exhibit as clear-cut an inheritance, 
in private consultations they may be 
used for the purpose of arriving at an 
opinion, though not an absolute decision, 

5 Time, Jan. 8, 1934. 
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as to the paternity of a child, in cases 
where the result of the blood tests are 
inconclusive 

Aside from the normal individual dif 
ferences there are numerous abnormal 
anatomical and physiological anomalies 
which are hereditary, such as polydac 
tylism, claw hand, hemophilia, albinism, 
etc. These abnormal traits are mostly 
inherited as simple unit characters in 
accordance with the Mendelian laws, and 
therefore can be used in paternity pro- 
ceedings should they occur in parents 
and children. In fact, because of the 
rarity of such anomalies, their simul 
taneous presence in the putative father 
and child may be taken as strong cireum- 
stantial evidence that the man in ques- 
tion actually is the father of the child. 
Mohr cites a case in which the presence 
of brachyphalangy (short fingers) was 
the basis of a court’s decision that the 
man in question was actually the father. 

Until recently one of the major im- 
pediments to the more general accep 
tance of the blood grouping tests in the 
courts of this country has been the lack 
of suitable legislation giving the courts 
power to compel individuals in such pro 
ceedings to submit to blood examinations 
Suitable laws have, however, been passed 
in New York, Wisconsin, New Jerscy, 
Ohio and Maine, and similar legislation 
is pending in other states. Another dif- 
ficulty is the lack of a sufficient number 
of qualified individuals in each state to 
carry out such examinations. The con 
ducting of a blood grouping examination 
requires rather highly specialized know] 
edge, and erroneous reports have been 
rendered where inexperienced individ- 
uals were permitted to carry out the 
tests. But bloods can be drawn in one 
locality and shipped through the mails 
to individuals qualified to carry out the 
examination. In 

6 Cf. Report of the Committee on Medico-legal 
Blood Grouping Tests, Jour. Amer. Med. Assoc., 
108: 2138, 2115, 1937. 


one such case the 
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writer in New York received bloods of 
a mother and child 24 hours after the 
birth of a baby in a hospital in Colorado, 
the man’s blood being taken in New 
York. Since the blood had been shipped 
by air mail and packed in ice, the cells 
were practically fresh when received, 
despite the great distance involved, and 
the examinations were conducted with 
no greater difficulty than if the individ- 
uals had all put in a personal appear- 
ance. 

In conclusion the writer would like to 
point to a recent decision of the United 
States Court of Appeals for the District 
of Columbia. In this case, involving the 
paternity of a baby born in wedlock, 
the court issued an order directing a 
man, wife and child to submit to blood 
grouping tests, and this order was 
affirmed by the Court of Appeals, which 
accepted as established the scientific 
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value of the blood tests. An editoria) 
which appeared in a recent issue’ of + 
Journal of the American Medica] Ago. 
ciation, commenting favorably on 
decision, closed with the following se) 
tence: ‘‘Granting the right of the cour 
to compel submission to blood grouping 
tests, either by authority of a special 
law ...or under a more embraciy 
statute authorizing the court to compe! 
submission to physical examination wi: 
out specifically mentioning blood group. 
ing tests, as was the situation in 
recent District of Columbia case, there 
would seem to be no justification for 
further hesitancy on the part of ¢ 
courts to accept as scientifically sound 
the results of blood grouping tests to the 
extent that they disprove the possibility 
of paternity.”’ 

7 Jour. Amer. Med. Assoc., 115: 306, July 27 
1940. 


A PHYSICIST’S VIEW OF ETHICS 


By Dr. GEORGE A. FINK 
EASTON, PENNSYLVANIA 


Proressor CONKLIN, in his article 
*‘Does Science Afford a Basis for 
Ethies?’’ in the October, 1939, issue of 
THe Screntiric MontTHLy, showed that 
science does afford a basis for ethics but 
did not go ahead to outline, as I shall try 
to do, a theory which can serve as the 
skeleton of a science of ethics. Conklin 
is right in saying that ethics is natural 
in origin and has undergone an evolu- 
tion from simple to complex. Further, 
such a natural development of ethics is 
more hopeful than any supernatural de- 
velopment could be. To a limited extent 
I agree that ‘‘As one goes up through 
higher and higher social grades one finds 
that altruism reaches farther and takes 
in more people, until with some persons 
it includes the whole human race’’; but 
I think that Conklin is using the word 


altruism a bit loosely here. It seems 
better to say that as the minds of per- 
sons become more highly developed their 
interest in, and sympathy for, others 
broadens, but this interest and sympathy 
is never really altruistic. 

Ethies becomes more understandab): 
to me after making an analysis of its 
supposed base: altruism. When one 
studies the evolution of ethics in par- 
ticular, and human behavior in general, 
it seems clear that selfishness is univer- 
sal, obvious in many cases, disguised in 
others, unavoidable in all. Selfishness 
is a good thing simply because it is nec- 
essary for the preservation and growth 
of living things. Many will say that | 
am ‘‘unethical’’ in acknowledging the 
pursuit of pleasure or happiness as my 
sole aim in life, but they misuse the 
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They would be speaking more 


word. ; : d 
urately if they said that a hedonistic 


e of ethies conflicts with their codes 


ace 
cod 
f ethics. 

Pleasure is one of those things which 
are too fundamental to define in terms 
of simpler things; one can only define it 
by exemplification. In general, one may 
say that the exercise of any normal 
function of the human body produces 
pleasure. That statement is perhaps as 
much a definition of normal function as 
of pleasure. Eating, drinking, resting 
and sexual intercourse are examples of 
obviously normal bodily functions that 
are normally pleasurable. If a person 
does not enjoy such elementary actions 
in reasonable amounts, something is 
wrong with him or her, physiologically 
or psychologically. What other experi- 
ences one considers pleasant is depen- 
dent on one’s mental development, 
training and habits, and in some cases 
these experiences may be fantastic and 
apparently unexplainable. Thought or 
consciousness may be considered to be 
the highest human function or bodily 
process; its performance, accordingly, 
should give the highest pleasure. The 
fact that many people say that ‘‘think- 
ing is the hardest work to do’’ indicates 
how poorly developed this function is 
in them. One who does not enjoy think- 
ing has not done much of it, for think- 
ing is like a game which one enjoys 
more, the more practice one has had and 
the better one can play. Thinking is, 
moreover, a pleasure which, like eating, 
may be indulged in unwisely. Over- 
thinking on a useless subject, or day- 
dreaming, can waste time just as over 
eating can cause indigestion. 

One may say that the highest type of 
thinking is that type called creative, al- 
though all thinking is to some extent 
creative. Even a student carefully fol- 
lowing the train of thought of the author 
of a text-book is creating anew for him- 
self the ideas which may have been pos- 
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millions before 
unexplored to him. There 
are three requirements 
thinking: First, the 
ideas to work with; these require experi 
ence and reflection to form. Second, t 

mind must have imagination, the ability 
to put these ideas together in new m 
binations. Third, the 
the ability to recognize the value in cer 
tain of these combinations whic! 

appear to have been formed as if by 
cident without 
rection. All three of 
creative thinking have evolved naturally 
from lower forms of nervous and men 
tal activity. It may then be expected 
that the exercise of imagination 
bring pleasure. This is found to be 
true; indeed, for some people the high- 
est type of pleasure is obtained from 
imaginative thinking. For 
use of imagination in science, primarily 


sessed bv 
fresh and 


mind mus 


mind must hav: 


conscious aesire or dl- 


these phases of 


will 


instance, the 


in the construction of theories, is an es- 
sentially selfish act performed to gain 
pleasure, as is every other mental act. 
This is often indirectly admitted by the 
scientists themselves when they speak of 
the ‘‘beauty’’ and their 
theories. To one able to appreciate it, 
the beauty of a far-reaching theory may 
the best painting 


‘*elegance’’ of 


be as great as that of 
or sculpture. The 
from the creation of the theory may also 
be as great as that enjoyed by the 
painter or sculptor or musician, and is 
of the same intellectual or mental type. 

Even the mass of unscientific people, 
who have never consciously created a 
scientific theory, and who think that 


ao a 


pleasure derived 


**facts’’ are superior to ‘‘theory,”’ 
great deal of theoretical thinking, and 
get pleasure from it, without realizing 
the nature of what they are doing. The 
things that are called facts by those per- 
sons who claim to be interested only in 
‘practical facts’’ always involve some 
theory of the world which is so com- 
monly accepted that its theoretical na- 
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ture is unnoticed. The common idea of 
an antithesis between theory and facts, 
or between theory and practice, is an 
unfortunate misconception. The most 
practical and labor-saving thing in the 
world is a good theory, one that has 
been verified and found to work. As 
for facts or knowledge, we have only a 
set of sense impressions which is organ- 
ized to a limited extent by means of 
ideas and theories of varying degrees 
of simplicity and clearness. The thing 
that, alone, makes sense impressions 
have meaning is that purest and most 
valuable of all fictions, the physical 
world, which we postulate as the cause 
of the perceptions. Without this fiction 
our perceptions are meaningless ; in fact, 
we would not even have what most peo- 
ple, including most philosophers and 
psychologists, call crude sense impres- 
sions, but only have vague feelings of 
comfort or discomfort. For example, 
one can not recognize that the sensation 
produced by breathing ammonia vapor 
is a smell, not merely an unpleasant feel- 
ing of unknown origin, without having 
had previous experience with ammonia 
and the sense of smell, not even without 
something of a theory of the structure of 
the universe and of mankind’s place 
in it. 

Imagination and creativeness are usu- 
ally thought to be characteristics of ar- 
tists and not of scientists, but this is an 
error. Art may be defined broadly as a 
human activity whose purpose is the at- 
tainment of pleasure by the artist and 
the fulfilment of his emotional desires. 
The true scientist, who is not a mere 
technician or investigator of details, is 
an artist in this general sense. Imagi- 
nation has been an important feature of 
the work of the greatest scientists. 
Newton’s law of gravitation is as much 
a work of creative genius as any of 
Beethoven’s symphonies are, although it 
was put forth as a universal law, and 
has had abundant verification as such. 
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As Havelock Ellis says in his chapter o 
‘The Art of Thinking”’ in ‘‘The Dap 
of Life’’: 


Science is not the accumulation of kr 
in the sense of piling up isolated facts, but +) 
active organization of knowledge, . . . this tas 
is impossible without the widest range of 
and most restless fertility of imagination. 


There is a close connection betw, 
ethics and esthetics. Esthetics, usual); 
defined as the study of beauty, is large| 
a study of pleasure, since beauty is tha 
quality which we attribute to an object 
as the cause of the emotion of pleasur 
the object gives us. Birkhoff has devel. 
oped a theory of esthetic measure whic! 
seems to be a promising beginnin 
this field. His theory assumes : 
esthetic value is associated with order ’ 
or the degree of ‘‘unity-in-multiplic. 
ity.”’ He limits himself to ‘‘formal e! 
ments of order, in contradistinction t 
connotative elements of order,’’ but th: 4 
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reasons for pleasure being caused by 
perceiving elements of order are t! 

same in both cases. The connotatiy 

elements can not be taken account of by 
a formalistic theory but are very impor. 
tant. The fact that we all find delight 
in familiar and habitual things, though 
too frequent repetition becomes irritat- 
ing, has a physical basis that would b: 
difficult to explain in detail. We als 
delight in the new if it is not complete|; 








new, and if there are some familiar fea 
tures recognizable. The pleasure w 
feel in the recognition of old elements in 
new combinations may be considered as 
pleasure in performing the normal! fun 
tion of thinking, for the recognition o! 
similarities is one of the most importan' 
and most fundamental types of 
thinking. ' 
A person may be said to be impelled FF 
in the direction of maximum pleasure 1! 
a way analogous to the acceleration of 4 
free mass in the direction of the maxi- 
mum gradient of the gravitational po- 


tential field. Of course the psycholog- | 
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ical problem is not as simple as the anal- 
ogous mechanical one. While all masses 
placed at the same point in a gravita- 
tional field will be accelerated in the 
same direction, different persons in the 
same situation can act in different ways. 
The explanation in terms of the prin- 
ciple of maximum pleasure is that dif- 
ferent people, because of their differing 
natures, give different values to the plea- 
sures to be derived from the various 
modes of action possible in a given situ- 
ation. In this way the maximum plea- 
sure is obtained in different directions 
by different persons. The gravitational 
ease would be similar to the psycholog- 
ical one if different masses were polar- 
ized in some way such that the compo- 
nents of the gravitational field were 
given different relative weights. <A like 
ease is that of an electron in a magnetic 
field. Electrons moving in different di- 
rections at the same point of the field 
will experience forces acting in different 
directions. Here the difference in the 
directions of motion of electrons corre- 
sponds to the difference in the psycho- 
logical natures of individuals. The 
physical case is still much simpler than 
the psychological one, since the electrons 
vary only in velocity, a quantity having 
three independent components, while 
human beings vary in innumerable dis- 
tinct ways. A person for whom the 
greatest pleasure is found in association 
with people and in the feeling of power 
that comes from being a person in au- 
thority will attempt to become a leader 
in business, politics or other fields. One 
for whom the greatest pleasure is the 
self-satisfaction that comes from doing 
apparently unselfish things will become 
a charitable person. And one, such as 
I think I am, for whom the greatest plea- 
sure is found in learning and in under- 
standing will naturally become a stu- 
dent and a scientist. 

Although altruism, strictly speaking, 
does not exist, this concept is a conveni- 
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ent fiction which is often useful 
concise description of human 

Actions which are apparently altruistic 
or unselfish, and usually pass for altru 


ism, have always appeared to me, on 
close study, to be efforts to satisfy some 
obscure desire for self-approval The 


person in question is often unaware of 
the nature of his feeling of self-satisfac- 
tion, and he sincerely believes that he is 
This ability to 
obtain pleasure from a superficially un- 


doing an unselfish act. 


selfish act, which is usually the result of 
religious training that assumed the ex- 
istence of genuine altruism, is one of the 
things that enable fundamentally selfish 
people to live together more or less har- 
moniously in a society where immediate 
selfish interests often conflict. On a 
higher, as least more abstract, level is an 
understanding of the fact that to obtain 
maximum pleasure from civilized life it 
is necessary to curb immediate 
selfish interests in favor of higher self- 
ish interests which advance the welfare 
of society, and incidentally advance 
one’s own welfare. The hope of the 
world for a more perfect civilization lies 
more in the growth of enlightened self- 
ishness than in a Kingdom of God or in 
any other hazy idea of a prophet. 

What, then, is good and evil, if un- 
selfishness is not good and selfishness is 
not evil? We can not define absolute 
and universal good and evil ; we can only 
define individual and relative goods and 
evils, each completely valid only for one 
person at one time, although with some 
modification it may serve at another 
time or place. That which is good for 
me now, for instance, is that which helps 


; 
one § 


me to grow, physically and mentally. 
In general, the same is true for others, 
though the details of what is good for 
them will not be the same as for me. 
In so far as I have developed beyond a 
mere animal, my needs will be broader 
and my idea of good will be higher than 
the satisfaction of animal instincts. Is 
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it higher because I have a greater range 
of experience and desires? Or because I 
realize that to live happily in an organ- 
ized society I must consider the some- 
times conflicting needs of others, and 
must restrain some self-centered desires 
in order to satisfy desires for social plea- 
sures? Or because I can see forward a 
little into the future, and can restrain 
a desire for immediate pleasure in order 
to obtain a greater future happiness? 
We can go no farther than this, I think, 
in trying to set an absolute standard of 
good and evil. Each one of us has a set 
of more or less well-defined ideas of 
good and evil. It is questionable 
whether a single concept of goodness 
ean be formed consistent with all these 
ideas, or even representative of a com- 
mon fundamental notion in them. The 
greatest good of the greatest number is 
commonly considered a more admirable 
ideal than personal happiness. But 
why? Is there anything to the welfare 
of society beyond the welfare of its mem- 
bers? The state itself can not enjoy 
anything, not even the happiness of its 
citizens. I disagree violently with those 
nationalist orators who imply that the 
state or nation has a life or conscious- 
ness of its own superior to that of the 
individuals who compose it. 

There is no religion; there are only 
religions. By that I mean that it is im- 
possible to frame a single definition of 
religion consistent with all the religions 
that have been developed in the history 
of the human race, since that which has 
been called religion has varied too much 
with person, time and place. However, 
most religions fall into two classes which 
overlap somewhat. First there are those 
involving a belief in a divine Being or 
Beings having material existence and 
supernatural powers. These largely 
consist of a primitive cosmology colored 
with such emotions as reverence, awe 
and guilt. The priests, prophets and 
medicine men who created the primitive 


religions were the scientists of their 
day, although the cosmologies contained 
in their religions are incompatible wit) 
the results of modern physics and as. 
tronomy. In fact, a supernaturalism 
which postulates the existence of a di. 
vine being not subject to the laws goy. 
erning the rest of the world is based on 
an essentially unscientific attitude 
toward the world. A supernatural! re. 
ligion thus conflicts with science, even 
though its adherents try to avoid the 
conflict by saying that religion deals 
only with spiritual things while science 
deals with material things. Second 
there are those religions in which the 
God has become an abstraction without 
personal existence, and in which empha- 
sis is laid on the relations of people to 
the others among whom they live. Some 
persons would call this type of religion 
a code of ethics, and reserve the name 
religion for the first class. Even re. 
ligions of this second class are in con- 
flict with science to the extent that they 
are based on unscientific ideas of sin and 
salvation. 

A religion concerned only with spir- 
itual things, such as many people claim 
to have, is impossible, or at least futile. 
Exponents of such a religion do not 
clearly realize what they mean by ‘‘spir- 
itual.’”” They imagine that human 
thoughts and desires are purely spir- 
itual processes, processes that have no 
physical basis, because they are not 
aware of the physical mechanism under- 
lying mental processes. Although no 
one knows the details of the physica! 
basis of thinking, the absurdity of a be- 
lief that there is no such basis should 
be apparent to any one who considers 
the fact that if a brain is rendered in- 
active or damaged by drugs, accident or 
other physical means, the spirit or mind 
associated with it is invariably de- 
stroyed or greatly changed. If physical 
acts are really negligible to a religion, 
and only spiritual things are important, 
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then the religion becomes useless and 
academic, concerned only with unobser- 
vable things. Actually, religionists are 
always much concerned with human ac- 
tions, which are physical phenomena if 
nothing else. 

Parallel with the evolution of relig- 
ions has been the evolution of ideas of 
God, beginning with material and per- 
sonal gods possessing all the human de- 
sires and emotions of their worshippers, 
and progressing up to supposedly imma- 
terial beings having none of the qualities 
of which their human creators were 
ashamed, yet still retaining the ability 
to know and plan and act as human 
beings do. The final stage in the trans- 
formation of the idea of God under the 
influence of science is a supreme world- 
spirit, immaterial and spiritual in na- 
ture, without power to act directly on 
the physical world. The existence of 
such a supernatural being is a possibil- 
ity that can not be disproved; but it is 
meaningless and useless, since, by defi- 
nition, it can never be observed. I know 
of no higher power than human intelli- 
gence, which has created all religions 
and ideas of God. 

The soul, as usually imagined, is as 
supernatural as God and as hard for a 
true physicist to believe in. While I do 
not think that I am merely a haphazard 
collection of lifeless molecules, whatever 
I am, or my mind is, more than that 
clearly seems to be the result of the com- 
bination and organization of molecules. 
This result of combination is not matter 
‘in the ordinary sense of something hav- 
ing mass, but it is material in the sense 
that it can produce physical effects, and 
it is affected by physical conditions in 
the body. The fact that neither I nor 
any one else yet knows how conscious- 
ness results from the combination of 
molecules into cells and tissues is not a 
valid argument that it can not so result, 
or even that we can never know how. 
An important role in many religions 
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is played by the concept of sin. This is 
a fiction whose utility is limited by its 
being based on a belief in standards of 
good and evil that are thought to be 
divinely ordained and absolute, but 
neither divine nor absolute, being tra- 
ditional conclusions from old and very 
imperfect theories of human motivation 
and behavior. While I know of no the- 
ology in which ignorance is a sin, all the 
so-called sinful acts I observed 
have been merely the result of ignorance 
or limited understanding. Even a crim- 
inal act performed under the influence 
of violent emotions is the result of the 
inadequacy of a mind, because of incom- 
plete development, for performing its 
natural function of directing the body 
with which it is connected. 

Acceptance of the ideas of sin and 
guilt requires a belief in a free soul with 
a complete knowledge of good and evil, 
and with the power to choose between 
them and either resist or yield to temp- 
tations to sin. Since I have rejected the 
usual ideas of the soul and sin it may be 
expected that I also reject the idea of 
**free will.’’ This is true as far as ulti- 
mate belief in its existence is concerned, 
but the concept of a free will is a very 
useful one which need not be abandoned 
merely because it is false. Though usu- 
ally based on a mistaken idea, free will 
is one of our most valuable fictions, one 
that is useful for the concise description 
of the process by which we make the 
multitude of decisions necessary in 
everyday life. Nearly the same idea is 
expressed by Planck in ‘‘The Philosophy 
of Physies’’: *‘Our “ys 
assures us that free will is supreme. Yet 
.. +. we might say that looked at from 
outside (objectively) the will is causally 
determined, and that looked at from in- 
side (subjectively) it is free.’’ The 
more one’s decisions are made by a free 
will which is the result of rational 
thought and of clear ideas of one’s de- 
sires and of the consequences of one’s 
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actions, rather than by an emotional 
free will, the more wise and intelligent 
one can claim to be and the happier one 
should succeed in being. 

That every human action is a physical 
phenomenon determined by present and, 
indirectly, by past physical conditions 
is a conclusion that becomes more and 
more certain as one studies the structure 
of the human body and its behavior un- 
der varying conditions as a problem in 
physics. Here I am using physics in the 
general sense, the science of matter and 
energy and their transformations, to in- 
clude all natural sciences such as chem- 
istry and biology. Determinism seems 
unquestionable, and the existence of a 
free will, an immaterial soul or spirit 
which can make decisions independent 
of physical conditions, seems impossible 
when one studies the process of making 
decisions and attempts to analyze some 
typical elementary choices, and finds 
that apparently the choices depend on 
present conditions and past history. In 
my own case, the only one of which I 
have full and immediate knowledge, I 
have many times made as impersonal 
and as scientific an analysis as possible 
of my choices. Each time I was forced 
to the conclusion that the decision was 
determined by the situation I faced, and 
by my condition at the time, which con- 
dition was the result of previous experi- 
ence. When I have tried to find out 
why I made a particular choice I have 
been able to see memories of past experi- 
ences which inclined me one way or the 
other, usually some each way, so that 
the decision was the result of conflicting 
forces, with the strongest finally win- 
ning out. By ‘‘forces’’ I do not mean 
the usual mechanical forces of physics 
but analogous fictions which, loosely 
speaking, seem to cause psychological 
phenomena in the same way that me- 
chanical forces seem to cause mechan- 
ical phenomena. 

To describe one of even the simplest 
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of these forces in terms of the structure 
and connections of the nerve cells which 
produce the psychological phenomena 
would be very difficult. It would bp 
practically impossible to describe the 
force in terms of the ultimate atomie 
structure of the body cells by means of 
some fundamental physical law such as 
Dirae’s wave equation for the electron, 
generalized to apply to all other funda- 
mental particles such as protons and 
neutrons. Yet I have faith that such an 
ultimate physical explanation is possible 
in principle, and is merely too compli- 
cated to carry out at present. The word 
faith is appropriate here since my belief 
in the possibility of ultimate detailed 
explanation lacks proof by actual per- 
formance, although it is upheld by in- 
creasingly detailed explanations that 
have been carried out. Faith, I would 
say, is belief in something unproven or 
unprovable that gives the believer plea- 
sure. Beliefs in God, the soul and in- 
mortality are good examples of common 
faiths. Though I do not possess these 
faiths, I do have others, and do not mean 
to imply that faith is to be avoided en- 
tirely. For instance, one of my faiths is 
the fundamental belief of the physical 
scientist that the universe is orderly 
and understandable. Although this can 
never be completely proven, it is made 
plausible by the fact that many events 
and processes in nature have been found 
to be orderly and understandable, and it 
gives me great pleasure to believe it, the 
pleasure of the anticipation of the 
knowledge and power to be gained by 
studying the universe. In the same way, 
contemplation of the possibility of ex- 
plaining all physical phenomena, even 
those amazingly complex ones called 
vital phenomena, by means of a single 
unified theory gives me a wonderfully 
pleasant feeling of the anticipation of 
power. 

The problem of free will and choice 
becomes clearer if one approaches it sci- 
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entifically, trying to find the best ex- 
planation for a typical occurrence such 
as two persons meeting with the same 
situation, or situations which are prac- 
tically identical as far as essential con- 
ditions are concerned, but reacting dif- 
ferently. Three types of explanation 
may be offered: First, the choice of re- 
action is absolutely unpredictable, so 
that no amount of knowledge of the situ- 
ation or of the people would make it 
possible to predict the outcome. Sec- 
ond, the choice is determined by the free 
will or arbitrary choice of the persons 
involved. Third, the choice is deter- 
mined by the physical conditions char- 
acteristic of the situation, and by the 
relation of these conditions to the physi- 
eal structure of the person meeting the 
situation, which structure is the result 
of previous physical conditions. In 
more familiar terms, the choice is deter- 
mined by the character of the person 
and the way the situation looks to him 
in the light of his past experience. The 
first, which hardly deserves the name 
explanation, denies without reason the 
applicability of science to human ac- 
tions. The second is quite simple and 
does not obviously conflict with a scien- 
tifie study of human behavior, but re- 
quires the observed phenomena consti- 
tuting human actions to be separated 
from all other observed phenomena, and 
to be treated by an entirely different 
method which is rendered unsatisfac- 
tory by the admission of an unmeasur- 
able factor that is observable only by 
means of effects produced without ap- 
parent relation to any past or present 
circumstance. 

Some people who have faith in this 
second way of explaining a choice be- 
tween alternative courses of action, but 
do not realize the full implications of 
such an attitude, have tried to rational- 
ize it, and give themselves an opening to 
bring in free will, by seizing on the 
Heisenberg principle of uncertainty. 
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They do not know what kind of uncer- 
tainty the principle de 
imply that even the physicist has given 


als with, vet they 


up determinism, apparently because un- 
certainty sounds as if it is incompatible 
with Heisenberg’s prin- 
ciple does not conflict with a dete 
istic view of physics. It 
that conjugate dynamical variables can 
not be measured simultaneously wi 

unlimited precision. 
sibility of measuring the exact present 
condition of the universe, 


determinism. 


simply states 


This bars the pos 


and then ¢éal- 
culating its future conditions from the 
results of the measurements, even if the 
But it 
does not deny a causal connection be- 
tween the The 
Heisenberg principle is merely a precise 
statement of the observed fact that there 


rules of calculation were known 


present and future 


is an unavoidable interaction between 
the observing apparatus and the object 
observed. 

Probably the best example of an ele- 
mentary to which the 
tainty principle applies is the collision 
of an electron with a photon, 
Compton 


sions have been observed in cloud cham- 


process uncer- 
called a 
collision. Many such colli- 
bers; in every thoroughly investigated 
case, energy and momentum were found 
to be conserved within the limits of ac- 
curacy of observation. Nothing is more 
typical of deterministic law than the 
laws of the conservation of 
and energy. 
mental physical properties of a system 
at one time to those at another time in 
the simplest possible way, by the rela- 
tion of equality. 

Though it is extremely important in 
individual quantum 
esses, the uncertainty principle becomes 
unimportant in the consideration of 
involving large numbers of 
atoms, as most bodily 
When large numbers are involved sta- 
tistical laws apply with great accuracy. 
The small discrepancies between the re- 


momentum 
These laws relate funda- 


mechanical 


proc- 


processes 


processes do. 
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sults of observation and the predictions 
of statistical law leave little room for 
freedom of choice. 

Closely related to free will is another 
useful fiction—self-control. Obviously 
a man can not really control himself any 
more than he can lift himself by his 
bootstraps. The idea is logically self- 
contradictory, but it often furnishes a 
convenient abbreviated way of describ- 
ing an important psychological phenom- 
enon. The common expression, ‘‘a 
struggle between higher and lower 
selves,’’ is somewhat more accurate than 
self-control, but it assumes that higher 
and lower are absolutely defined, and it 
is oversimplified in that it neglects the 
fact that the splitting into two selves 
takes place in different ways on differ- 
ent issues. The exercise of self-control 
in the usual situation requiring a deci- 
sion is more accurately described as fol- 
lows: A man having a complex mental 
nature resulting from years of develop- 
ment and experience is confronted with 
a situation in which he sees two fairly 
distinct alternative courses to pursue. 
Some parts of his mind—psychological 
forces or whatever you wish to call them 
—tend to produce the choice of one of 
the alternatives, while other parts of the 
same mind tend the other way. In the 
ease of a situation involving a moral 
issue, one of the courses is called yield- 
ing to temptation. The other is called 
resisting temptation, and the person 
choosing it is said to have used self- 
control. The psychological mechanism 
operating is the same in a case involv- 
ing no moral issue, say the choice of the 
color of a hat, as in a case with a moral 
issue, although the strength of the con- 
flicting forces may be much less. The 
choice that is made in any particular 
case depends, exactly as one should ex- 
pect, both upon the nature of the man 
and of the situation in which he finds 
himself. 

The development of self-control is 


then nothing but mental developmen: 
and training which strengthens tha 
side of the mind that tends in the ge». 
eral direction of resisting temptation 
Though the faculty of self-contro| jx 
one of our highest faculties, ranking 
with understanding and intelligence. j; 
development by a long process of adap. 
tation to environment is an essential); 
selfish process, as adaptation always js 
It is generally considered that a well. 
developed faculty of self-control is nee. 
essary for a well-balanced mind. Wit) 
this I agree, though I do not believe jy 
self-control as most people conceive 0; 
it. I try to use as much self-contro! as 
possible, because I believe that I wil] 
enjoy life better and on a higher leve! 
if I ean be as much as possible conscious 
of what I am doing, and for what pur 
poses I am doing it, and choose my 
course of action with regard for others 
and for the future, rather than let habi: 
and thoughtless emotion be my guide 
This is not to imply that emotion is to | 
eliminated in favor of reason. Thoug! 
we may try to live by reason, it is a 
ways emotion that we live for. Reasor 
ing should be used to distinguish lx 
tween good and bad emotions, between 
those, on one hand, that are short-sighted 
or low or poorly developed and those, on 
the other hand, that are far-sighted or 
high or well developed and that do not 
conflict with the happiness of others 
Reason is the means; emotion is the end 
The concept of self-control may be 
somewhat clarified by comparing it wit! 
devices for controlling physical quanti- 
ties such as temperature or electrical 
potential. There are three parts essentia! 
to a controlling device: First, a standar(! 
to which the variable can be compared 
directly or indirectly; second, a means 
for detecting deviations of the variable 
from the standard; third, a means for 
correcting the deviations, which is actu- 
ated by the detecting means. Self-con- 
trol of conduct requires three similar 
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things: First, the existence of an idea 
of a standard of conduct or of the par- 
ticular phase of conduct to be controlled ; 
second, the ability to perceive deviations 
of conduct from the standard ; third, the 
ability to make eorrective changes in 
conduct in accordance with the perceived 
deviations. 

I do not think that I have proved any- 
thing in the foregoing paragraphs, 
chiefly because proof, as most people 
conceive of it, is impossible. Matters 
of objective fact have their accuracy 
limited by the errors of measurement, 
while a conclusion involving an abstract 
idea has its certainty limited by the 
limited clarity of conception of the ideas 
involved. To prove an abstract theorem 
to another, one can only indicate to him 
the processes by which one became con- 
vineed of its truth, and hope that he will 
see the truth. Whether or not he does 
see it, or thinks he sees it, will depend 
on many factors in his previous experi- 
ence as well as on the absolute truth one 
attributes to the theorem. My feeling is 
that no truth exists in the conclusion of 
a theorem that does not exist implicitly 
in the definitions of the ideas involved. 
When I derive a proof I am only com- 
pleting, by exploring their implications, 
the definitions of the ideas with which 
I started. I see no self-evident truth in 
axioms or postulates. They are merely 
disguised definitions which describe 
properties of the entities we have in- 
vented. Though there is no absolute 
standard of truth any more than there 
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is an absolute standard of good and 
evil, there are two types of relative truth 
that can be recognized. One is interna 
self-consistency, such as a physica 
theory or a branch of mathematics may 
possess. The other is external consis 


tency, such as the agreement of the 
predictions from a theory with the re 
sults of observation. A critical analysis 
thus seems to leave nothing of truth 
except lack of 
concept of truth 
and most useful 
could hardly dispense with. <A the 


may then be said to be true if its con- 


contradiction, 
is one of our noblest 
fictions, one that we 


rem 


clusion is consistent with and logicalls 


following from its premises. In any 
particular case, this 
logical connection must be judged ae 
cording to the 
the person know whether 
the theorem is true or not. Though in 


many cases fairly general agreement can 


consistency and 


; 


personal standards of 


desiring to 


be reached as to what is true or what is 
just, in the end every man’s truth is his 
own as is every man’s justice. 

Although this 
partly in answer to that of 
Conklin, I think that I have written in 
the same spirit as he in tracing the natu 


article was written 


>. , . 
I roressor 


ral development of the highest types of 
thinking, including ethical thought, from 
simple origins. In agreement with my 
general thesis I may add that I consider 
the writing of this essay a selfish act on 
my part. I have obtained pleasure from 
it already and hope to obtain more from 
it in the future. 
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THE TROPICAL PLANTATION SYSTEM 


By Dr. LEO WAIBEL 


THE JOHNS HOPKINS UNIVERSITY 


Tue plantation system is a form of 
agriculture in the tropics of great eco- 
nomic, social and political interest. In 
order to characterize this form of 
economy, we must answer three ques- 
tions: What are plantations? What is 
their geographical distribution? What 
are the origins of the plantation system? 

A plantation is not only an agricul- 
tural undertaking ; it is also an industrial 
enterprise. It not only produces agri- 
cultural products; it also prepares them 
and makes them fit for transportation. 
This it must do, for it does not produce 
for its own needs, as does the native, but 
for the market and especially for the 
market of the temperate zones. These 
markets, however, are remote from the 
tropics, and, moreover, in order to reach 
them the ships have to pass through the 
hot, humid tropical latitudes. 

In regard to the distribution of the 
plantation system, we note that it is 
found only in the tropics and the sub- 
tropics; they have long and in parts 
uninterrupted growing periods for vege- 
tation, during which they produce cer- 
tain valuable agricultural products that 
are lacking in the temperate zones. A 
great demand for these products, how- 
ever, does not lead necessarily to the 
plantation system. In the Asiatic 
tropics, for example, spices have been 
produced for centuries by native 
peasants and have been taken by foreign 
traders (Chinese and Arabs) to the mar- 
kets of the Far East and of the Occident. 
And to-day other products, such as cot- 
ton, kapok and copra, are produced 
either exclusively or preponderantly by 
the natives of the Netherlands East 
Indies for foreign markets. These 
products, which do not require difficult 
preparation and which can be easily 
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transported, do not require the planta- 
tion system for their successful produc. 
tion. 

On the other hand, the natives of the 
Netherlands East Indies produce only a 
scant one per cent. of the exported 
sugar, although they grow sugar-cane 
for their own needs. They use, however, 
either the fresh sap of the cane or make 
a brown, sirup-like mass which can not 
be transported but must be consumed on 
the spot. The natives are not capable of 
producing solid brown or white sugar, 
for to do this they would need, besides 
the sugar-cane, capital for constructing 
costly special sugar mills and they 
would have to have highly scientific and 
technical knowledge to operate them. 

The plantation system, therefore, is 
found only in the tropics because it is 
there that crops are grown that require 
not only much unskilled labor but also 
highly technical knowledge and last in- 
vestments in processing plants and 
equipment to prepare the products for 
shipment to distant markets. The re- 
sult is that the natives must fit into a 
strange industrial order. 

This industrialization is especially 
necessary in the cultivation of sugar- 
cane (and of sugar-beet in the temperate 
zones), because the easily perishable 
juice must be transformed into a product 
of stone-like hardness, the sweet salt, as 
the natives say. Other tropical plants— 
such as coffee, cocoa, tea, cinchona, cot- 
ton, sisal and rubber—require similar 
industrial processes, especially when a 
product of high value is to be produced. 
Industrialization, so unsuited by its very 
nature to the agriculture of the temper- 
ate zones, is therefore the most important 
characteristic of the plantation system. 

Division of labor and a one-crop 
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economy go hand in hand with agricul- 
tural industrialization. It is well known 
that most plantations raise only one 
erop, such as sugar-cane or coffee or 
sisal, because each of these products re- 
quires its own special machinery. Rota- 
tion of crops is, therefore, impossible 
even in the growing of annual plants. 
As a consequence the soils are rapidly 
exhausted and new ones have to be 
continually prepared for cultivation. 

This very one-sided economic system, 
which we call monoculture, results in 
great instability and a sensitivity to 
erises. Climatic changes, plant diseases, 
political troubles, new technical inven- 
tions and above all the market prices 
interfere gravely with the life of a plan- 
tation. It is thus understandable that 
some plantation areas have changed their 
products and their mechanical instal- 
lations at frequent intervals. In the 
nineteenth century Ceylon, for example, 
produced successively cinnamon, coffee, 
cinchona, tea and rubber. Similar 
changes took place at the end of the 
eighteenth and at the beginning of the 
nineteenth century in the West Indies. 

The same unrest and instability are 
manifested in the migration of planta- 
tion products. It is sufficient to call to 
mind the spread of coffee culture from 
Abyssinia to Arabia and southeast Asia, 
and then to the New World, where there 
was considerable shifting of coffee culti- 
vation within the American tropics, and 
finally to the recent completion of the 
circle back in Africa. 

Since the installation of expensive 
machines pays only if production is on 
a large scale, it follows that the planta- 
tions are almost always large estates 
of several hundred to several thousand 
acres. These large areas require, as do 
the associated factories, a great number 
of laborers. The labor problem is thus 
of paramount importance to the planta- 
tions, and this demand for plantation 
laborers was fundamentally responsible 
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for the former Negro slave trade, as well 
as for to-day’s great labor migration 
within the Asiatic tropics. Finally, the 
management of the fields and factories, 
and the sale of the products as well, must 
be in the hands of trained specialists. 
Since as a rule natives lack training and 
experience, it is generally true that only 
Europeans (in the cultural sense of that 
word) are fitted to be managers of plan- 
tation enterprises. 

A plantation is, therefore, a large 
agricultural and industrial enterprise, 
managed as a rule by Europeans, which, 
at great expense of labor and capital, 
raises highly valuable agricultural prod- 
ucts for the world market. 

Turning to the question of the origin 
of this very special type of economy, it 
is not surprising to learn that it is closely 
connected with the fabrication of solid 
white sugar. Karl Ritter, the great Ger- 
man geographer, reached this conclusion 
a century ago, but his results have been 
forgotten even by German geographers. 
According to this famous scholar, the 
refining of sugar invented in 
the seventh or eighth century A.D. in the 
Persian province of Chusistan (in the 
lower course of the Tigris and Euphrates 
Rivers), where European-Oriental sci- 
ence came into direct contact with the 
production of tropical sugar-cane. From 
the beginning sugar refining has gone 
hand in hand with the plantation system, 
and both have had a spectacular migra- 
tion around the earth within the tropical 
and subtropical zones. 

The Arabs laid out sugar plantations 
in the Mediterranean area, from them 
the Venetians and Genoese learned the 
science and the art of making sugar, and 
from them, in turn, the Spaniards and 
Portuguese. The two last nations carried 
the oriental type of agriculture and the 
Asiatic plant to the West African islands 
of Madeira and the Canaries, and from 
here it was taken to the tropics, and 
found its first classic tropical develop- 
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ment, in the closing years of the fifteenth 
century, on the small Portuguese 
island of Saint Thomé, in the inner Gulf 
of Guinea. In 1492, when Columbus 
started on his great discoveries, the 
sugar plantation system was well estab- 
lished on this island. 

But these small West African islands 
soon lost their significance as sugar-pro- 
ducing centers when sugar-cane culti- 
vation, together with the plantation 
system, was extended to the New World: 
to Santo Domingo in 1519 and to Brazil 
in 1531. Here much larger areas suit- 
able for sugar-cane cultivation were 
available, and, in addition, the cane did 
not have to be irrigated, as it did in 
Madeira, the Canaries and the Mediter- 
ranean areas. Therefore, in spite of the 
greater distance of America from the 
European market, its sugar could be 
sold much cheaper, as is evidenced by 
the rapid fall of sugar prices in the six- 
teenth century. 

The capital needed for the American 
sugar plantations was supplied by mer- 
chants of Lisbon (apparently many 
Jews), and by nobles who had acquired 
wealth in the spice trade of East India. 
Only laborers were scarce or even en- 
tirely lacking, but this problem was 
solved in an ingenious but cruel manner 
by the importation of African Negro 
slaves. Thus every continent had a 
share in the rise of the plantation sys- 
tem in the New World: Europe fur- 
nished the capital, Asia the sugar-cane, 
Africa the laborers, and the Americans 
the climate and soil. 

The plantation system as we know it 
to-day had its first development in the 
American tropics. Here also for the 
first time crops other than sugar-cane 
were raised under this type of economy: 
indigenous tobacco, cotton, cocoa and, 
most surprisingly, in the middle of the 
eighteenth century, African coffee. In 
the early days small and middle-sized 
holdings often developed near large 


plantations to grow these new crops, by; 
our knowledge of these types of agricy). 
tural economy is very limited. Until the 
beginning of the nineteenth century al] 
these types of enterprises were found 
only along the coast of Brazil and in th» 
French and British West Indian Islands 

The Negro revolt in French Haiti jy 
1789 and the abolition of slavery in the 
English colonies in 1833 shook the plan. 
tation system, which until that time had 
been very stable, to its very roots and 
caused a new migration. Then for the 
first time the plantation system reached 
very significant proportions on the 
Spanish islands of Cuba and Puerto 
Rico, spread to the continent, and de- 
veloped in Venezuela, Colombia and Cen- 
tral America, where indigo and, even 
more important, coffee were the chief 
products. Coffee plantations now als 
began to migrate through Brazil. 

Much more extensive in area, however, 
and economically more important, was a 
kind of retrograde shifting of the plan- 
tation system from America over Africa 
to Asia, whence its migration had begun 
a thousand years earlier. The rise of 
steamship transportation and the later 
opening of the Suez Canal favored the 
development of these new plantation 
areas, as did the continuation of slavery 
in tropical Africa until 1880 and the 
availability of a large number of cheap 
laborers in tropical Asia. 

In tropical Africa, which is very dift- 
eult of access and is inhabited by free 
Negroes who resist attempts to force 
them to work for wages, the plantation 
system is still unimportant. Only on 
the islands of Saint Thomé, Mauritius 
and Réunion has the plantation system 
attained great significance since 1830. 

In the islands and peninsulas of trop- 
ical Asia, however, the plantation system 
has become the predominant type of 
economy. Here even those plants which 
in other tropical regions were simply 
acquired by a gathering economy are 
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raised on plantations; among these are 
einchona, rubber and recently the Afri- 
can oil-palm. The transferring of cul- 
tivated plants from one continent to 
the other required great expenditures 
of money for scientific research, espe- 
cially for plant-breeding and seed selec- 
tion. The private entrepreneur was not 
fitted for this purpose, and therefore in 
the Asiatic tropics the plantation system 
was developed by joint stock companies. 
In the same manner and with the same 
success the newest branch of tropical 
American plantations—the banana cul- 
ture—was built up for the market of the 
United States on a large-scale capital- 
istic basis. The capital here is needed 
not for the cultivation or preparation 
of the product, but for its transporta- 
tion in special freighters. 

The economic and social life of the 
tropics has been widely influenced by 
the plantation system. The Europeans 
brought capital and knowledge, the coun- 
tries contributed soil and the natives 
labor. In this process the natives were 
often deprived of their land, uprooted 
from their social environment and trans- 
formed into a landless proletariat, de- 
spite the abundance of land in the 
tropics. Therefore, many people con- 
dem the plantation system per se and 
propose to leave the entire production 
of tropical goods to the natives. Besides 
these social and economic aspects, more 
and more ethical considerations are ad- 
vanced by the opponents of the planta- 
tion system. The welfare and progress 
of the natives, in their opinion, should 
be the only, or at least the dominant ob- 
jective of colonial policy. Under no 
conditions, they say, should the natives 
be deprived of their land, because only 
on their own soil do they have the oppor- 
tunity of preserving their national life. 

In opposition to this ethical concep- 
tion the adherents of the plantation 
system offer economic arguments. The 
natives, they point out, because of their 
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primitive economic methods are not fitted 
to produce all tropical goods so necessary 
for the inhabitants of the higher lati- 
tudes. 
quinine, ete., which require industrial 
preparation, can be grown only by Euro- 
peans (the word used in its cultural 
sense) and not by the natives. Even in 
growing products which can be easily 
prepared, such as tobacco, coffee, cocoa, 
tea, ete., the natives are far behind the 
European plantations in the quality of 
their products. Only in the growing of 
annual plants, such as cereals, ground- 
nuts, cotton, ete., which require little or 
no preparation, are the natives superior 
to the Europeans. It is not simply a 
question of plantation system or peasant 
economy: both types are, in the opinion 
of these proponents, necessary for the 
development of the tropies. 

Keeping in mind these two points of 
view, others are pleading for a collabora- 
tion between Europeans and natives on 
the basis of equal rights and equal duties. 
To the common production, the native 
should contribute his land and his labor, 
and the European his capital and his 
technique. The returns should be di- 
vided between the two partners accord- 
ing to certain principles. Unfortu- 
nately, the application of this 
simple and obvious proposal is almost 
impossible because of the fact that both 
partners are very different in racial, cul- 
tural and social characteristics, that most 
natives lack the moral basis for such a 
collaboration and most Europeans the 
social will for it. Only under economic 
pressure has such a collaboration thus 
far succeeded, notably in the cultivation 
of sugar-cane, which is relatively simple 
to grow but very difficult to prepare. 
In the Fiji Islands, Mauritius, the West 
Indies and Brazil to-day the natives 
raise the cane and sell it to the whites, 
who process it in large central factories. 
This procedure has the ethical disad- 
vantage that the natives are, for the 
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most part, not the owners of the land, 
but only tenants who can be discharged 
at any time if they do not fulfil their 
duties. 

To remedy the defects of the present 
policy, English colonial politicians are 
pleading for another system that will do 
justice to the natives as well as to the 
economic interests of the Europeans. 
Under this proposal the state would 
mediate between the independent peas- 
ant and the white entrepreneur, regulat- 
ing by legislation the rights of the Euro- 
peans and the duties of the natives. 
This principle, called by M. Leake 
‘*triple partnership,’’ found its first 
practical application in the cotton cul- 
tivation of Gezirah (Egyptian Sudan). 
There the European employer is repre- 
sented by the Sudan Plantations Syndi- 
eate, which is a kind of Chartered Com- 
pany but without rights on the land. 
The land belongs to the natives, who are 
required to till it in a precisely pre- 


scribed manner. The syndicate pr 
esses the cotton and carries out the jr 


gation and all commercial activities 


under the regulations, the barrage an 
the main canals having been built by 
the state. The profit is divided in equa) 
parts among the three partners. | 

This principle seems to be suited es. 
pecially to dry regions (Indus, Niver 
where expensive projects are required 
for irrigation. But even in those humid 
regions of the tropics where large areas 
are not opened and must be developed 
by means of communication, this prin. 
ciple should be successful, because 
combines the advantage of the planta- 
tion system with that of the peasant 
economy and avoids as much as possible 
the disadvantages of both. This, of 
course, supposes that Europeans and 
natives are psychologically prepared for 
such collaboration and that there is an 
enterprising state to guarantee its legal 
foundation. 
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THE RACE CONCEPT IN BIOLOGY 


By THEODOSIUS DOBZHANSKY 


PROFESSOR OF ZOOLOGY, COLUMBIA UNIVERSITY 


THE perennial discussion of the nature 
of races, particularly of those in man, 
has become especially lively, frequently 
acrimonious and notoriously inconclu- 
sive during the last decade. Although 
the problem obviously is in part a bio- 
logical one, biologists have, with few 
exceptions, disdained to take part in the 
debate. An apparently good reason for 
this forbearance is that the debate on 
the ‘‘race problem’”’ is not conducted on 
a scientific plane at all. Yet biologists 
ean not escape a part of the blame for 
the disrepute in which the race problem 
has fallen. The plain fact is that in 
biology itself no clear definition of what 
constitutes a race has been evolved. The 
existing concepts are either fundamen- 


tally unsound or so ambiguous as to be 


of little use for rigorous thinking. The 
refined analytical methods of modern 
genetics may permit a better insight into 
this problem to be gained than was pos- 
sible in the past, but the work in this 
field is now barely begun. The purpose 
of the present article is to outline the 
salient features of the situation. 

Most taxonomists and anthropologists 
cling perforce to the habit of describing 
races in terms of averages of morpho- 
logical and sometimes of physiological 
and psychological characters. We are 
told that the average Eskimo has such- 
and-such a height, cephalic index and 
intelligence quotient, while different sets 
of figures are given for the average Ger- 
man or Hottentot. This method is, be- 
cause of its simplicity, undeniably con- 
venient for a rough description of the 
observed variety of humans or of other 
living beings. The trouble is that it 
leads to a hopeless confusion when an 


analysis of the underlying causes of this 
variety is attempted. 

A race defined as a system of averages 
or modal points is a concept that belongs 
to the pre-Mendelian 
hereditary materials were pictured as a 
diffuse 
Genetics 


era, when the 


continuum subject to a and 
gradual modification. 
tablished that the hereditary material, 
the germ-plasm, is not a perfect con- 
tinuum, but rather a 
particles, genes, which change one by 


This is no trifling dis- 


has ts>- 


sum of discrete 
one by mutation. 

tinction, and its 
appreciated. If 
blend with each other as a water-soluble 
dye commingles with water, every inter 


corollaries must be 


germ-plasms could 


breeding population would soon reach a 
reasonable uniformity, and every indi- 
vidual would in a very real sense be a 
child not only of its parents but of its 
race as well. A “‘‘pure race’’ would be 
formed in each locality occupied by the 
species. With the germ-plasm being 
particulate, the variety of genes present 
in a population tends to be preserved 
intact indefinitely ; the genetic constitu- 
tion of an individual does not 
sarily lie midway between those of its 
parents; some of the genes of an indi- 
vidual may resemble those commonly 
present in the population from which it 
sprung, while other genes may be iden- 
tical with those usually found in repre- 
sentatives of another race. Except in 
asexually reproducing organisms, pure 
races can be formed only under very ex- 
ceptional circumstances (a _ long-con- 
tinued inbreeding of 
Since the germ-plasm is particulate, the 
variation within a population can ade- 
quately be described only in terms of 


hneces- 


close relatives) 
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the frequencies of the variable gene 
alleles and of their combinations. Dif- 
ferences between populations must like- 
wise be stated in terms of the differences 
in the frequencies of genes present in 
them. 

A geneticist can define races as popu- 


' lations that differ from each other in the 


frequencies of certain genes. The ob- 
vious flaw in such a definition is that 
differences in gene frequencies may be 
quantitatively as well as qualitatively of 
diverse orders. The statement that two 
populations are racially distinct really 
conveys very little information regard- 
ing the extent of the distinction. This 
can be made evident by a series of ex- 
amples illustrating the different degrees 
of racial separation. The examples 
given below concern mostly lower organ- 
isms, and particularly the small flies 
belonging to the genus Drosophila. The 
reader may be inclined to question the 
applicability of the conclusions reached 
through studies on this material to or- 
ganisms in general, and particularly to 
man. Although in dealing with man the 
complications resulting from his social 
organization must not be lost sight of, 
the laws of heredity are the most univer- 
sally valid ones among the biological 
regularities yet discovered. The mecha- 
nisms of inheritance in man, in the 
Drosophila flies, in plants and even in 
the unicelluars are fundamentally the 
same. The race concept is very widely 
applicable, at least among the sexually 
reproducing forms of both the animal 
and the plant kingdoms. It can be eluci- 
dated most effectively through use of a 
favorable material, which is, for techni- 
eal reasons, readily amenable to the ap- 
plication of the experimental and quan- 
titative methods of modern genetics. 
The fly Drosophila pseudoobscura is a 
species widely distributed in western 
North America. Although its represen- 
tatives from any part of its geographic 
range appear to be similar externally, 


genetic analysis reveals a considerable 
variability under the guise of externa) 
uniformity. The variability concerns 
both the gene arrangement and the gene 
contents of the chromosomes. Genie 
variability is displayed in the occurrence 
of mutant genes that affect the externa) 
structures, viability, development rate 
and other characters. Most of the my. 
tants are recessive to the ‘‘normal”’ cop- 
dition, and rare enough so that only 
heterozygotes occur in natural popula- 
tions. 

None of the populations of Drosophila 
pseudoobscura so far examined proved 
genetically uniform; in every one of 
them some individuals carried chromo- 
some structures and mutant genes not 
present in others. Every population 
may be characterized by the incidence 
of the genetic variants present in it. 
Comparison of populations from differ- 
ent localities usually shows them to be 
unlike, since some of the genetic variants 
present in one either do not occur at al! 
or occur with different frequencies in 
others. It is astonishing that even con- 
tiguous localities may harbor different 
populations. In forms which can move 
only very slowly, such as land snails, 
differences of this kind have been known 
for many years. Yet similar differences 
are observed in the much more mobile 
Drosophila. In one instance a statisti- 
eally significant ‘‘racial’’ difference has 
been observed between populations of 
localities about 100 meters apart, al- 
though the intervening terrain contains 
no obvious barriers that could impede 
the migration of the flies. Mobility of 
an individual organism does not always 
prevent an extremely fine subdivision of 
the population of a species into local 
races. Studies of Dahlberg and others 
suggest that such a subdivision may 
occur also in man, since the incidence of 
certain genes may be different in popu- 
lations of neighboring villages. 

More unexpected still is the fact that 
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he genetic composition of a population 
of Drosophila pseudoobscura does not 
remain constant with time. In certain 
populations from California the inci- 
dence of various chromosome structures 


+ 


has been observed to change not only 
from year to year but from month to 
The causes of such alterations 
The most probable 


month. 
are as yet not clear. 
conjecture is that the food sources are 
unevenly distributed in the territory in- 
habited by the flies, and that a single or 
a few individuals which first reach and 
monopolize an abundant food supply 
leave an offspring large enough to im- 
press their individual characteristics on 
the population of the surrounding area. 
As shown by Sewall Wright on basis of 
theoretical considerations, both temporal 
changes and a gradual drifting apart of 
the genetic composition of local colonies 
are expected to occur where the effective 
sizes of local populations are limited. It 
seems, then, that local populations may 
be effectively small even in species pos- 
sessing as good locomotion means as 
Drosophila. Perhaps an analogous situa- 
tion in man is the occurrence of villages 
in which some family name, the heritage 
of a prolific early settler, is much more 
frequent than in the population of the 
surrounding territory. However that 
may be, changes in the racial composi- 
tion of local populations may be observed 
in nature well within a human lifetime. 
Evolutionary changes in nature are not 
too slow to be observed directly. 

The drifting apart and the conse- 
quent racial differentiation of local 
populations is a process which, by itself, 
can not be regarded as an adaptation to 
the environment. It is rather the fore- 
runner of an adaptive differentiation. 
Genetic changes which arise in a species 
are subject to natural selection which 
eliminates the unfit and preserves the 
valuable variants and the populations in 
which such variants become frequent. 
Since the environment is seldom uni- 
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form throughout the distril 
the species differentiates into 
that are adjusted each to the 
ment prevailing in its 
itat. Such local races, termed by 


son ecoty pes, do not, as a rule 


particular 


tinuous populations over large p 


the species area. They recur W 

the proper environment is ava 
while the intervening localities are o 
pied by different ecotypes or not inhab 
ited by the species at all. Ecotypie dil 
ferentiation has been described in man) 
plants by Turesson, J 
and 
nomenon 


Clausen, Grego 


others; among animals this pl: 


seems less wide-spread, pos 
sibly because the mobility of most ani 
mals makes them less dependent than 
the plants are upon the micro-environ 
ment of their habitat Nevertheless 
Dice and have shown that in 
the mammals of the North 


desert the coat color becomes darker or 


Blossom 


American 


lighter, depending upon the prevailing 
the which tl ey live 
ecotypes occur on the outcrop 


shade of soil on 
Dark 
pings of lava, and light ones on stretches 
of light sand. An important fact is that 
ecotypic differentiation does not, as a 
rule, the entire of indi- 
viduals residing in any particular hab- 
itat. Thus, the light average shade of 
the eolor in inhabiting 
light sand is due merely to a greater 


involve mass 


eoat mammals 


frequency of lig] tly colored specimens 
in sandy localities, although the darkest 
individuals on light 
darker than the lightest 
soil. 

While the exigencies of adaptation to 
the strictly local and recurring condi 
tions of the habitat lead to the forma- 
tion of ecotypes, adaptation to more 
general variations in the 
results in formation of geographic races 
(otherwise known as subspecies or eco- 
species) which occupy more or less con- 
tinuously definite parts of the species 
area. Taxonomists are well aware of 


soil may be much 


dark 


ones on 


environment 
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the fact that the differences between 
geographic races are slight in some cases 
and much more striking in others. 
Since the environment changes more or 
less gradually as one passes from one re- 
gion to another, the changes in the ap- 
pearance of the species population may 
be correspondingly gradual. Where a 
definite geographic boundary between 
races is discernible, the races are never- 
theless found to merge into each other 
in at least a narrow boundary zone. 
This situation is described by taxono- 
mists as ‘‘overlapping’’ or as presence of 
intermediates between the races. This 
is a very misleading way of stating the 
observed facts, for it implies the notion 
of ‘‘pure races’’ the intermediates be- 
tween which are sometimes formed. It 
is more accurate to say that the fre- 
quencies of the variable genes change 
more or less gradually or abruptly dur- 
ing the passage from one portion of the 
species area to another. If the char- 
acters distinguishing races are examined 
one by one, geographically graded series 
or, to use the term recently proposed by 
Huxley, ‘‘clines’’ are encountered. The 
clines in gene frequencies are what 
cause the appearance of clines in the 
outwardly visible characters. The naive 
concept of pure races connected by in- 
termediates must be replaced by the 
more authentic one of the varying inci- 
dence of definite genes. The idea of a 
pure race is not even a legitimate ab- 
straction: it is a subterfuge used to 
cloak one’s ignorance of the nature of 
the phenomenon of racial variation. 
As a general rule, the further two 
populations are removed geographically 
the greater are the genetic differences 
between them. In Drosophila pseudo- 
obscura, this rule is infringed upon 
chiefly where very small distances are 
involved, since the fluctuations in the 
composition of the population in any 
one locality (see above) may be large 


enough to obscure the more general o 
graphical trends. Thus, the variation. 
in the local populations on Mount &» 
Jacinto, California, appear to be he 
hazard. The localities from which the< 
population samples were taken ar 

100 meters to about 25 kilometers apar; 
Populations from Mount San Ja 
and from the Death Valley regio, 
distance of about 400 kilometers, 
difficult to distinguish if only sma 
samples are available. The difficulty 
alleviated if a number of large sample 
from several localities in each region , 
studied. Comparing the data for 
eastern and the western parts of 
Death Valley region, Mount San J 
cinto, Mount Wilson, San Rafael M 
tains and San Lucia Mountains, ( 
fornia, we find pronounced east to \ 
racial clines. The populations in| 
ing Texas are, however, so differ 
from those of California that a sir 
small sample can be determined as 
ing from one or the other of thes 
gions. Nevertheless, the ability to 
tinguish groups of individuals, po; 
tions, does not necessarily imply t 
every individual may be classified as 
representative of one or the other ra 
Thus, some individuals from Texas 
identical in chromosome structure wit 
those from California, although 
Texas and California races as grou 
are undoubtedly distinct. 

While the process of ‘‘raciatio. 
must be regarded as predominantly 
adaptive one, it does not follow t! 
every difference in the gene frequen 
is a direct result of natural select 
Some of the characteristics distinguis 
ing races appear to be adaptively 1 
tral. Without going into the details 
this very perplexing problem, one ma) 
say that the racial subdivisions of 


species are a product not only of the 
environment now existing but also of a 
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’ historical process of evolutionary toward the species rank, as we as 
ne development. A race inhabiting a coun-_ separate species 
try is what it is, not only because it lives The description of the racial compos 
there but also because it came from a_ tion of a species in terms of the varia 
: definite source, following a definite dis- tions in gene frequencies presupposes a 
tribution path or paths. careful genetic analysis of the materia 
Superior adaptive types, having orig- under study. Unquestionably, this is a 
inated in different parts of the species slow and difficult task, especially whet 
area, may spread and finally confront as in man, the conditions for get 
each other across a more or less narrow work are unfavorable A satisfactor 


oundary zone. When this stage is_ insight into the nature and significar 
reached, the races may develop isolating of the racial differences in man demands 
mechanisms that would prevent them far more extensive and detailed 


from interbreeding and hence from ex- mation than is now available on 
hanging genes with each other. The mode of inheritance of the characters 
establishment of isolation connotes the causing interracial, as well as 
transformation of races into separate racial, variability; scientifically 


species and is therefore outside the trolled data on the manifestation of tl 

scope of the present article. The point diverse genetic conditions in various ¢ 
ch should be made clear here is that vironments: and a thorough knowled 

, race becomes more and more a reality, of the incidence of the determin 

und less and less an abstraction, as it cvenes in the class. caste and race sub 


ipproaches the species rank. Species divisions of the mankind. Evident 


attain a degree of existential concrete- this task can be accomplished onl: 

ess which makes them independent ac- the expense of concerted efforts of m 
tors in the drama of life. In terms of scientists and organizations in different 
this histrionic analogy, races of a species parts of the world. Yet, the diffi 

may be likened only to members of a_ of the task is not a sufficient reason 
‘hoir. The prime characteristic of a_ cling to the outworn methods of ra 
species 1s that individuals belonging to study, the inadequ of which 1s « 


t are prevented from interbreeding plain, and still less is it a reason for 
th those of other species, but not with erecting far-reaching theories on the 
ch other, by physiological isolating basis of admittedly faulty data. To do 

mechanisms. It is, therefore, legitimate so would be a travesty on sciences It is 

speak of pure species (contrasting said that Menaechmus warned A 
em with hybrids between species). ander the Great that ‘‘There is no ro 

Yet, identical gene variants continue to road to mathematics.’” There is 1 


ur in races that are well advanced royal road to genetics either 
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By CHAUNCEY D. LEAKE 


PROFESSOR OF PHARMACOLOGY, UNIVERSITY OF CALIFORNIA 


In the October SctentiFiIc MONTHLY 
the Reverend John S. O’Conor, 8. J., pro- 
fessor of physics, Georgetown University, 
asks ‘‘ Why do men of science refuse to 
approach the subject of religion from a 
scientific viewpoint?’’ The answer most 
probably accurate for most of them is 
that they are afraid to. The fear may be 
not so much of the subject as of hurting 
the feelings of the many people who are 
intensely interested in it. 

The purpose of this article is not so 
much to try to answer the Reverend Pro- 
fessor O’Conor’s question, as it is to try 
to point out that his subsequent conven- 
tional argument is scientifically question- 
able. Many older and more considerate 
scientists may wonder why any one 
concerned with science should bother 
with the Reverend Professor’s time-worn 
arguments. He relates them by analogy, 
however, to current physics. As a result, 
practical and busy scientists or laymen 
may feel that if the essay stands unchal- 
lenged, no logical answer is possible. 
While even slight sophistication in dia- 
lectic may raise prompt doubt in the 
casual scientific reader of the article, lack 
of time on the reader’s part may prevent 
adequate analysis to justify the skepti- 
cism, J] am venturing this challenge with 
full realization that I am plunging into 
philosophical wildernesses, without the 
qualifications to pose as a competent 
guide therein. 

It is my feeling that the Reverend Pro- 
fessor O’Conor welcomes discussion of 
his article, for he may agree that debate 
may help to clarify the problem, and to 
stimulate more interest in it on the part 
of scientists. It may be wise for scien- 
tists these days to pay more attention to 


166 


the general implications of their eff 
Philosophy still has a place in our 
lectual affairs if we can persuade 
selves to attempt the co-ordination « 
general knowledge with our commo 
sires, as Dewey might put it. Wa 


Lippmann in ‘‘A Preface to Morals. 
New York, 1929, reminds us that this 


was part of the wisdom of Confucius, an 
still is a function of religion. 

For those scientists who may be ser 
ously interested in this matter, but 
may not be familiar with readily ob 
able surveys of thoughtful opinion 
let me suggest consultation of the crit 
bibliographical note at the end of H. L 
Mencken’s ‘‘ Treatise on the Gods,’’ Ni 
York, 1930. The outstanding sources r 
main ‘“‘The Catholic Encyelopedia,’’ 1 
vols., New York; J. Hasting’s ‘‘ Encyel 
pedia of Religion and Ethies,’’ 13 vols 
New York, 1908, and A. D. White’s ‘‘ His 
tory of the War of Science with Th: 
in Christendom,’’ New York, 1896. A: 
entertaining and fair summary of p! 


sophical development is Will Durant’s 


**The Story of Philosophy,’’ New York 
1930, and Henry Alperin’s ‘‘The Mar 
of Philosophy,’’ New York, 1934. 


DEFINITIONS 


As the Reverend Professor O’Conor 


points out, it is pertinent to begin 


discussion by trying to define our terms 


in a manner acceptable to all. While ! 
proposes a definition for religion, he neg 
lects to give similar consideration to sc 
ence. 

Father O’Conor says: 
the etymological or nominal definition of r 


ligion is open to two interpretations, one whi 
is based on the notion of a bond (from t! 
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Latin religare, to bind) and another which stems 
‘rom the Latin derivative relegere or religere, to 
reat carefully, to ponder or meditate. ... An 
mbiased study of the history of religions and 
f comparative religion sustains a position which 
maintains that, despite the presence of admix 
tures such as ancestor worship and accretions of 
magie and witchcraft, the notion of a super- 
natural or supreme being is contained at least 
implicitly in practically all religions. So that 
n the first interpretation of the nominal defini 
tion of religion the idea of God is introduced his 
torically as the term of the bond between man 
and a higher being, while on the second inter 
pretation this supreme being appears on the 
same historical basis, as the object of man’s 
neditations. 

While this definition conforms to the 
sual and conventional one, it is hardly 
adequate for our problem, since it begs 
the question and gives an answer in 
which the Reverend Professor O’Conor is 
interested. For our proposed discussion 
would it not be simpler to define religion 
more generally as the faith or belief one 
has with respect to the relation between 
me’s self and one’s environment? There 
s no logical or factual necessity of which 
[ am aware that requires that one’s faith 
or religion either nominally or histori- 
cally must include recognition of a super- 
natural or a supreme being. That it 
usually does historically is no reason why 
it always must. According to the dic- 
tionaries, current usage, limited though 
it may be, permits the broader definition 
which I have proposed. 

We may also follow usage, as indicated 
in the dictionaries, as a guide in defining 
science. 
the body of agreed upon and objectively 
demonstrable knowledge about ourselves 
and our environment? If so, we may go 
on with St. Thomas and say that where 
science ends faith begins. On the basis 
of these definitions one might say that 
whereas religion is what one does or 
wants to believe about one’s self and the 
universe, science deals more with what is 
logically and demonstrably permissible 
to believe about one’s self and the uni- 
verse. Science seems to be concerned 


May we assume that science is 
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chiefly with estimating the limits to 


faith, while dogmatic religion seems to be 


more concerned with trying to guide the 
steps of blind belief. Philosophicalls 
science tends to be materialistic, prag- 
matic, realistic, while the trend of 


religion is idealistic, intuitive, subjectiy 


istic. 


AIM, SPIRIT AND METHOD OF SCIENCE AND 
RELIGION 


More to the point would be to examine 
the aim, spirit and method respectively of 
science and religion. If these may be 
harmonized, and I believe they may be, 
become a part ol re- 


As forms of hu 


then science may 


versa. 


ligion and vice 


man activity they’re like the obverse and 
reverse of the same coin Religion re pre 
sents the subjective approach to the 
universe, science the objective. The dif 
ficulty may be simply that through 


the chicanery of word symbolism the 
devotees of both wish to be ‘‘heads.’’ 

In his preface to ‘‘The Direction of 
Human Evolution,’’ New York, 1921, 
Edward Grant Conklin attempts a defini- 
tion of the aim, method and spirit of sci 


ence. He identifies the aim of science 
with that of religion, to know the 
‘‘truth’’ about ourselves and our en- 
vironment. By the abused idea symbol 


‘*truth,’’ he means an objectively demon 


strable and intellectually coherent ex 


planation of ourselves and the universe 
While appreciating the Platonic ideal of 
absoluteness in ‘‘truth’’ as desirable, the 
Her 
rick emphasizes* that scientists recognize 
that and our 


environment is in the process of acquisi 


spirit of science suggests, as C, J 


knowledge of ourselves 


agreement and will 


Scientists dodge 


tion and probabls 
always remain so Paul 
Elmer More’s ‘‘ Demon of the Absolute,’ 
Princeton, 1928, by admitting honestly 
that what is called the ‘‘truth’’ 
ourselves and the universe is tentative 
and subject to modification. It is not 

1 Jour. Philosophy, 33: 
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169, 1936 
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clear that the spirit of religion suggests 
to its devotees a similar relativeness for 
**truth.’’ Most religious leaders seem to 
consider their particular ‘‘truth’’ as im- 
mediately absolute, and therefore bind- 
ing on every one, whether agreed to or 
not. 

The spirit of science, unlike its aim, 
seems to be a little different from that of 
religion. Conklin suggests that the spirit 
of science is essentially concerned with 
freedom to seek the ‘‘truth.’’ He empha- 
sizes that the spirit of science implies not 
only freedom to have and to express any 
view for which there is rational evidence, 
but also recognition that knowledge of 
ourselves and the universe is incomplete 
and subject to revision, and that there is 
no legitimate compulsion to belief beyond 
the voluntary acceptance of demon- 
strably rational evidence. 

It is not easy to try to describe the 
spirit of religion, but it may be inferred 
from the conduct of religious leaders, 
whether one considers the great ones of 
history or living preachers and churchly 
dignitaries. The spirit of religion seems 
to be blissfully naive, and intrigued by 
the naturally improbable. It encourages 
introspection, contemplation and _ self- 
pity. It bathes in mysticism, is en- 
thralled by symbolism and clothes itself 
in vagueness. It seems to be fascinated 
by magic and the incomprehensible, and 
is not disturbed by the paradox of believ- 
ing in the reality of the unreal. The 
spirit of religion promotes prophecy, but 
in a retributive or intuitive manner, far 
removed from the sort of prediction ven- 
tured by science on the basis of caleulable 
probability. 

The spirit of religion seems to be con- 
cerned greatly with the task of persuad- 
ing people, by hope or fear, to socialize 
their conduct. It promotes standards of 
behavior, and assumes an ideal ethic. 
Here a serious difficulty arises. Refus- 
ing to confine itself to the limits of scien- 
tifie knowledge, which it rejoices to 


transcend, the spirit of religion roa; 
far as the human imagination ea) 
The resulting great variety of fait 
belief produces continual increase 
astounding number of religious « 
Even with the common basis of a 
upon ‘‘authority’’ in the Bible, dive: 
doctrines develop to the point of sea 
in Christianity, and compromis 
ethics, as Niebuhr tacitly admits.2 
ing objective criteria or data on 
agreement may be arbitrated, as 
ence, social harmony is difficult 
ligious leaders to obtain except by 


‘ 


peals to some ‘‘authority”’’ oper 
through fear, hope or other em 
force. The spirit of religion thus s 
to be reflected more in emotional! 
tions than in intellectual responses 

George Santayana* might go on t 
pare the spirit of religion to that « 
impatient, impulsive and very attra 
adolescent girl, who, when curbed | 
precise and pedantic spirit of s 
(whom she would eall ‘‘inhum 
might petulantly ery, ‘‘You can’t 
me from dreaming.’’ The spirit of 
ence seems to be tolerant enough to 
preciate the spirit of religion, to be 
tracted to it as an object of study, 
indeed even to love it with nosta 
remembrance of its own adolescence. 0 
the other hand, the ever young spirit 
religion, like Peter Pan, can hardly 
expected to have much regard for 
staid and preoccupied spirit of scie 
beyond an uncomprehending defer 
Whether a marriage between them cou 
ever be consummated is as debatable as 
whether such a marriage is desirab| 

As I understand the situation, a scie 
tist can not take without protest t! 
Reverend Professor O’Conor’s definitior 
of the method of science as being ‘‘on 
which accepts facts and attempts to 
them into a theory or system.’’ This 


2‘*An Interpretation of Christian Ethics 
London, 1936. 
3 ** Reason and Religion,’’ New York, 191 
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iefinition assumes @ prior: the theory or 
eystem of thought, an assumption which 
may be questioned by a scientist, but not 

\ even so liberal a philosopher as Hugh 
Miller * The method of science seems to 

more coneerned with the establish- 
nt of fact. The successful scientist is 
sually pragmatic. He may proceed in 
either of two broad ways. In one he may 
be chiefly empirical, by observing and 
lescribing as carefully as possible some 
nomenon in his environment or him 
self. and then go on to offer a tentative 
xplanation of it, the validity of which 

»may then test by experiment, confirm 
ing or modifying his ideas in accordance 
vith the results of such experiments 
This is the way of the life sciences. In 
the other he may be more rationalistic. 
He may indeed proceed somewhat along 
the way suggested by the Reverend Pro 
fessor O’Conor, but in reverse. He may 
try to build by experimental reasoning 
within the strict limitations of logical 
consistency, a coherent ideal system with 
which some of the details of the universe 
about us may be found, on experiment, to 
correspond. This is the mathematical 
way. 

It seems to me that the usual method 
of religion, which one may trace through 
all history, and which one may find ex- 
emplified in the Reverend Professor 
O’Conor’s ‘‘Approach,’’ is to assume 
‘“‘God’’ and ‘‘immortality,’’ and then re- 
late everything else in experience to these 
assumptions. However dialectic it may 
be, the method of religion is basically 
anthropomorphic. In a Kantian sense 
the method of science is anthropomorphic 
also, but it implies deliberate discounting 
of psychological or emotional factors. In 
following the method of science, a scien- 
tist must always guard against confusing 
his symbols with what they may repre- 
sent. In developing Aristotelian logic, 
religious leaders have sometimes per- 
mitted this confusion to carry them to 


serkeley, 1939 
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tion of any idea not logically absurd or 
directly refutable by available evidence, 
but it can not permit either bias or com- 
mitment a priori. Science makes a spe- 
cial point of discounting any judgment 
which may be influenced by psychologi- 
cal factors of training and conditioning, 
or emotional factors involving wishful 
or fearful thinking of any sort. After 
rather careful examination scientists 
seem to have come to the conclusion that 
the ordinary manifestations of the 
methods of dogmatic religion are incom- 
patible with those of science. Third, it 
seems clear from a consideration of what 
science is about that it could not exist 
were authority in itself to be acknowl- 
edged as a source of ‘‘true’’ knowledge. 
In obtaining or interpreting data in any 
scientific field, one of the necessary duties 
of a scientist is to raise doubt regarding 
the intellectual validity of giving more 
than respectful consideration to any 
‘‘authority’’ as such, since there is 
always the probability that the ‘‘author- 
ity,’’ being human, may have an axe in 
the matter to grind. Voluntary and un- 
coerced agreement among _ reasonable 
competent scholars in a field, on the basis 
of the objective evidence available, con- 
stitutes the only ‘‘authority’’ which sci- 
ence can recognize. Appreciation of the 
relativeness and tentativeness of ‘‘truth”’ 
or ‘‘knowledge’’ of ourselves and the 
universe and good-humored alertness to 
the human qualities of ‘‘authority’’ are 
potent factors against the development 
of a scientific ‘‘canon.’’ None the less a 
conscious effort is also necessary on the 
part of scientists to prevent the growth 
of any ‘‘authority’’ which may impede 
the freedom of science. Sincere and per- 
tinent skepticism remains a fundament 
of science and a scientist is duty bound 
to try to apply it as vigorously to his own 
data and opinions as to those of others. 
This discussion of the questions asked by 
the Reverend Professor O’Conor indi- 
eates the absurdity of the conclusion he 


draws from the gratuitous answer | 
makes to them. 

The Reverend Professor O’Conor 
plea for deference to ‘‘authority’’ in 
ligion and science has serious imp 
tions these days. There are recipr 
relations in science and democracy w! 
require freedom for operation. Fro, 
our discussion so far it would seem t} 
science could be employed much mo, 
satisfactorily as a curb to the roving ; 
restless spirit of religion than an ar 
rary ‘‘authority.’’ The function . 
church seems to be chiefly to exerecis 
*‘authority’’ in religion. Historical]; 
has been demonstrated that science « 
flourish only when it is independent 
any such ‘‘authority.’’ There is a pecu 
liar danger now that ‘‘authority”’ ma) 
sweep democracy from the earth. It is 
the duty of scientists to remain conscious 
of this danger, and thus to resist to th 
utmost any attempt to foster respect 
science for any arbitrary ‘‘authority’ 
as such. 


‘ 


PROOF OF THE EXISTENCE OF Gop 
Having set the stage by leading ques 
tions, and by a definition of religio: 
which states his conclusions, the Reve: 
end Professor O’Conor undertakes 
proof of the existence of God.’’ He | 
gins this by stating categorically, ‘‘T! 
position taken here is one which is e 
tirely unassailable on anthropologi 
grounds.’’ Such a statement may be his 
opinion, but I think he will be fai 
enough to admit that other opinions ar 
not only possible but probable. Sin 
the whole of the Reverend Professor 
O’Conor’s position is dependent up 
**the proof’’ which he says he is going t 
furnish, one may be justified in express- 
ing surprise that ‘‘the proof’? is difficult 
to find. The ‘‘proof’’ offered consists 
chiefly of begging the question and vagu 
analogy. Granting the Reverend Pro- 
fessor O’Conor’s assumption of the ob 
jective existence of God, the rest of his 
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yosition follows logically and along the 
lines established by dogmatic religions 
everywhere. Its novelty consists only in 
its relation to current physical ideas. 

But why grant his assumption? Why 
not acknowledge it for what it is, namely 
a postulate of great interest historically, 
and of great power traditionally. The 
nragmatie observation that the logical 
edifice erected upon it has worked and 
continues to work, is no proof of its cor- 
rectness or that it corresponds with real- 
necessity scientific, 


It remains an inter- 


ity through any 
logical or otherwise. 
esting philosophical problem to guess 
whether or not a logical system erected 
upon the contradictory opposite of this 
assumption would not work as well. 
When a problem is offered to science, 
on which it is difficult to obtain direct 
objective and measurable data, it is often 
approached by proposing multiple hy- 
potheses. These possible explanations 
are then examined as carefully as can be 
with reference to all available evidence 
for or against them. The one having the 
greatest probability of coordination with 
acceptable ‘‘reality’’ is tentatively se- 
lected as a working basis for further 
studies. This not preclude, of 
course, further investigation of 
hypotheses as may have been rejected. 
Many hypotheses have been proposed 
regarding God. Those that postulate 
existence of a supreme being usually re- 


b J 


does 
such 


solve themselves in discussion to matters 
of definition. Passing by such philo- 
sophically subtle postulates as Hegel’s 
universal reason, or Paulsen’s universal 
will, we may illustrate our difficulty by 
reference to such relative opposites as are 
represented by common idealistic and 
materialistic notions of God. The tradi- 
tional hypothesis, in which the majority 
of people seem to believe, is that God is 
an ideal and universally dispersed entity 
of omniscience and omnipotence. Rather 
far removed from this definition is the 


more sophist cated lea that God Is tl 
sum total ol tne capabi ties ol some 
ninety-two elements, their possible 
binations and permutations 1 tl 
forees that are associated ! 

While the Reverend Professor O’Conor 
might agree to either of these definitions, 
he would probably insist that man has! 
share in developing either On tl 


trary he would probably insist 


‘**God’’ 


self to man, in 


on either definition reveals Him 
the former case through 
the visions of religious leaders and 
latter through the search of scientists 
There remains another sort of hypoth 
esis. This involves the notion that man 
and the universe are made of the same 
stuff, and that what people have been 
ealling God is as much themselves as not 
This imphes that the ancient 


natter,’’ ( 


themselves. 


dualism of ‘‘mind and 


‘‘self and non-self,’’ is a postulate « 
faith and has no correspondent 
reality. From this position the question 


of the objective existence or non-exis 
tence of God becomes irrelevant and 
Perhaps this is the imp 


antimonies In 


material. 
tion of Kant’s 


the ca culus of science, reality is as asym 


famous 


ptotic to the idea of a frst and Ale 


duced cause as it is to the idea of infinity 
This statement is one which expresses the 
matter in strict scientific terms. While 
some of these terms are inc mprenen 


sible literally, like infinity, they are 1 


ful working symbols—but not ‘‘facts.’’ 
In this sense, perhaps, Dr. J. E. Wishart 


I 


Hibbert J 8: 447, J { ) 
Wishart, a distinguished theologian, in 
reviewing the manuscript of my ess 


-ondemns my assumptions and « 

gently expresses a fitting pity for m« i 

More seriously he doubts that tl car 

ion without God, and thus feels that my 
definition of religion is unacceptable. TI tig 
Reverend Edward Lamb Parsons, Bis 
California, also was generous as ever t ' 
terested in my manuscript, and he has somewha 
the same opinion as Dr. Wishart. Both fe I 
attempted coercion by bitrary autl rit iv 
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proposes that we pragmatically use the 
idea of a first cause, incomprehensible 
though it may be, because it explains the 
situation better than any other hypoth- 
esis on the problem. 

CONCLUDING NOTEs 

It is natural for the Reverend Profes- 
sor O’Conor, being a physicist and seis- 
mologist, to develop his position from the 
standpoint of physics and mathematics. 
But in requesting consideration for a 
scientific approach to religion he can not 
neglect other fields of scientific endeavor, 
particularly biology, since man is so 
closely and clearly related to other mam- 
mals, albeit more remotely to other living 
things. One may wonder whether there 
was deliberate omission of any considera- 
tion of the possible bearing on religion, 
faith or belief, of current contributions 
in physiology, psychology and psychia- 
try. To one familiar with recent ad- 
vances of knowledge in these fields, the 
anthropomorphic features of religion are 
not accidental. If the explanations of 
man’s behavior in relation to his environ- 
ment as offered by scientists in these 
fields, are considered to be scientifically 
valid, then the premises and position 
postulated by the Reverend Professor 
O’Conor and by conventional religious 
dogmas of all sorts, become dubious 
indeed. 

Since the Reverend Professor O’Conor 
refers to miracles, we might pay our re- 
spects to them here in passing. Without 
even raising the question of the degree 
of probable accuracy of the canonical ac- 
be as dangerous in religion as in science. Father 
O’Conor graciously acknowledged receipt of the 
manuscript, and commented generally on it, but 
has not yet had time to dissect it in detail. The 
italicized statement may be made more general 
as follows: The reality of any moment is as 
asymptotic to a first and unproduced cause or to 
a final and end result as it is to infinity in any 
direction of space or in time either past or 
future. 


counts, one may apply our knowledg ton! 
psychological and psychiatrical process nut i 
to the miracles as reported, and find t! if hu 
they are capable of receiving full a, deer 
adequate natural explanations. Si: tions 
my statement is a contradictory opposit Al 
of the Reverend Professor O’Cono: tific § 
one’s judgment in the matter de this | 
on estimating the degree of proba! onan 
of correctness of correlation: but tion. 
what standard? An attempt has this 
made to define the standards of s such 
and religion. Which do you ¢! mous 
For a scientific approach to religior ‘900 
would expect that scientific stan isto 
would be applied to religious claims have 
We order our lives on the basis of 5 the | 
we believe. The source and charact ‘ evolu 
our beliefs appear thus to have g¢g temp 
importance. If our faith or rel indi. 
consists of expressions of fond | the s 


pathetic desires and anxious wishes 
spired by greed, jealousy and 
nothing very satisfactory for ours 
or society is likely to result. On the ot 
hand if our faith or religion is based 
upon what we may want to believe 
upon what is possible for us to belie, 
view of the limitations imposed on u 
our knowledge of ourselves and our « 
vironment, it would seem that a lit 
more reasonable and individually 


sponsible ethic might be derived. T! Ar 
is Warner Fite’s ‘‘Individualism,’’ N wary 
York, 1911, in which he points out | Iam 
the interests of conscious individuals in sol 
harmonious. It is the point of Dewey’ naive 
suggestion of harmonizing desire wit his e1 
knowledge or experience, and of whia Appr 
Walter Lippmann thinks was mean “‘logi 
Confucius, Jesus and Buddha. His 
Professors E. G. Conklin and ©. .- ate at 
Herrick have come independently to as a) 
conclusion from scientific considerat to wh 
relating to biology. With them PP: name 
fessor S. J. Holmes’ and Dr. George 5 some 
6 SCIENTIFIC MONTHLY, 49: 99-110, 29 for t 

7 Science, 90: 117-123. consti 
tencie 

attem 
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m* also independently agree, that, to 
ut it simply, the probability of survival 
of human relationships increases with the 
eree of mutual adjustment, in the rela 
mship, toward mutual satisfaction. plies the 
Although stated in the form of a scien ence ¢: 
tific generality, the ethical significance of | answer is ‘* 


this principle appears in relation to the tions proposed by 


ommon urge for survival and satisfae- 


tion. Consciousness of the operation ot 


t 


this principle suggests the wisdom of 

such altruistic, considerate and magnani 
ous conduct as is intuitively considered 

‘‘eood’’ in all ethical systems. T 
istoms and conventions novy 

have so far exhibited survival valu 

tne Darwinian sense. We may apply 

evolutionary principles to them, and at 

tempt the formulation of a modus oper- 

andi. Such a formulation constitutes 

the statement offered. Whether or not 
‘*The History of Science an ew Humar 


Harvard, 1937. 


SCIENCE AND TRUE RELIGION 


A REPLY TO DR. C. D. LEAKE 
By The Reverend JOHN S. O’CONOR, S.J 


PROFESSOR OF PHYSICS, GEOR OWN 


At the risk of ensnaring further un- which has 
wary scientists and unsuspecting lay men cature thi 
I am taking this opportunity to point out have to do 
in some detail the perhaps unconscious Dr. Leake 
naiveté of Dr. Leake’s assumption that to my definit 
his criticism of my article ‘‘A Scientifie tutes one o 
Approach to Religion’’ constitutes a ‘‘A faith or 
‘logical answer’’ to the same. 

His reply is, however, most appropri- one’s environment 
ate at least in one respect; for it serves [ have consult 
as a perfect example of that procedure ten-volume New 
to which I specifically ealled attention: cluding the 1933 
namely, that of holding up to ridicule neither philologi 


} 


some synthetic religion, made to order rant for such 


] 
al 


for the purpose from elements which Webster’s New I 
constitute but a catalogue of inconsis- and Wagnalls’ Ne 
tencies and excesses, and by this means aries gives a definition 
attempting to discredit true religion, considered the approximat 
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of it. Thus the truth of the statement 
that ‘‘aecording to the dictionaries, cur- 
rent usage permits this broader defini- 
tion’’ is yet to be established. 

The definition which I submitted is 
solidly established, both historically and 
philologically, and is the one generally 
agreed to—conventional, to use Dr. 
Leake’s own characterization. 

To take such a definition, and then 
show by a reasoned proof that the essen- 
tial element in it (A Supreme Being) 
has objective existence, or to make up a 
definition for the occasion, which on 
analysis displays no criterion for differ- 
entiating between the thing defined and 
the multitude of other reactions to envi- 
ronment which all of us know are not 
religion, which of these two procedures 
is the more scientific and objective; 
which, I ask, is the more arbitrary and 
postulational? When Dr. Leake coun- 
ters with the statement that because 
religion historically usually includes the 
recognition of a Supreme Being—this is 
no reason why it always must—he is 
arbitrarily demanding a change in the 
significance of words. Is it not more in 
the spirit of science to discuss what is 
and what has been rather than what 
might be? 

Dr. Leake cites my neglect to define 
science, yet later on disagrees with what 
he calls my definition of the scientific 
method. He claims that science is more 
concerned with the establishment of facts 
than with the attempt to fit them into a 
system or theory. I question that dis- 
tinction. Albert Einstein is quoted as 
defining science as ‘‘the coordination of 
our experiences by bringing them into a 
logical system.’’ Perhaps he has been 
misquoted, perhaps his definition is not 
correct, but I doubt very much that Dr. 
Einstein will cease working on a unitary 
field theory for the facts of gravitation 
and electromagnetism when he becomes 
aware that this is not an essential aspect 
of science. I also doubt that the succes- 


sors of Darwin will all repudiate their 
work as unscientific because they haye 
been attempting to fit the facts of paleo: 
tology into the theory of evolution. 

An adequate discussion of Dr. Leake’s 
section entitled ‘‘Aim, Spirit and 
Method of Science and Religion’’ js 
precluded by the scientific nature of th, 
journal in which this discussion appears 
for the entire sequence is made up of 
paragraphs which are introduced by 
such subjective indicators as ‘‘we m 
assume,’’ ‘‘T believe,’’ ‘‘it seems,”’ wl 
are used sixteen times in presenting w! 
purport to be acceptable views on r 
ligion, while the attacks on my approa 
are shot through with a dogmatic pos 
tivism which can best be met by a 
counter-demand for proof. 

Near the end of the section just re- 
ferred to, as well as in subsequent parts 
of his article, Dr. Leake claims that 
my ‘‘approach’’ exemplifies the usua 
method of religion, which is to ‘‘assumé 
God and immortality and then relat 
everything else in experience to thes 


assumptions.’’ Again where an answer 


is attempted to my so-called ‘‘leading 
questions’’ the following is found: 

think it is clear . that dogmatic r 
ligion is incompatible with the scientifi 
method as long as dogmatic religion 
requires the postulation of a first and 
unproduced cause of the universe or « 


the necessary assumption of any other 


idea for which direct objective evidence: 
is lacking.’’ 

First, let me make it clear that in 
mortality was not even mentioned in m) 


entire article. Secondly, let me empha- 


size that it is a proof of God’s existence 
and not a postulate that was the object 
of my investigation, not, it is obvious 
with the purpose of making an ex 
haustive study of the same, but mere!) 
to call to the attention of readers of Tx! 


Screntric Montuuy the similarity be- 
tween the methods of the so-called 
‘*time-worn’’ arguments and those o! 
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SCIENCE 
modern science. In confirmation of this 
[ again call the reader’s attention to the 
reference given near the end of page 369 
in my article. This book 
‘‘God and Reason’’) is a standard text 
on natural theology in which the proof 


(Brosnan’s 


under discussion is fully developed 

To say that the ‘‘ proof consists chiefly 
of begging the question and of vague 
analogy’’ is merely to confirm the sus- 
picion that my critic has never taken the 
trouble to look up the reference in ques 
tion. If the Doctor had disagreed with 
the proof referred to and pointed out its 
alleged fallacies, a basis for further dis- 
cussion might be had, but to call a proof 
a postulate seems inexplicable even in 
the case of one for whom the realm of 
philosophy is but a ‘‘wilderness.”’ 

In the discussion on ‘‘Authority”’ 
much is the objectivity of 
science as indicated by the exclusion of 
‘“‘wishful or fearful thinking’’ and of the 
refusal to admit ‘‘either bias or commit- 
ment @ priori.’’ 

As a scientist I concur completely on 
these points, but should like to call at- 
tention to the third work listed in Dr. 
Leake’s introduction as an ‘‘outstanding 
source,’’ viz., A. D. White’s ‘‘ History of 
the War of Science with Theology in 
Christendom.’’ It 
to talk of ‘‘discounting judgments which 
may be influenced by psychological 
or emotional when the 
author of a book, which is filled with such 
violent diatribes that it can not be con- 
sidered by any impartial critic except as 
a piece of rank bigotry, is held up as an 
outstanding authority. The inhibitions, 
attributed by Dr. Leake to most of his 
colleagues, which prevent scientists 
from writing on topics they fear will 
give offense to those interested in relig- 
ion, would undoubtedly become over- 
whelming should they consult this refer- 
ence. But no scholar will be tempted 
to accept the writings of A. D. White 
as source material. 

My plea for deference to ‘‘authority”’ 
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is amusing to listen 
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tation wrought those who 
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There is one statement of D1 


sense take 


seake an their own 


with which I am at least in 
cord. He 
O’Conor’s 


existence of (sod. 


says: ‘“‘Grantin: 


assumption of the 
the rest of 
follows logically. 
A change of the 
proof would bring apparen 


word ass 
on one point. 

But even if the word proof 
stituted the difficulty 
pushed further 


would 
back and the 


could legitimately be asked: 
not postulates in the proof? 

To get at the root difference be 
Dr. Leake’s position and mine we 
ask: Is 
which is beyond the direct evidence of 
‘proof’? M 


+ 


also any scientific con 


the senses susceptible to 
answer is yes. There are certain analy 
cal propositions (such as the principle 
of contradiction and of sufficient reason) 
which are objectively and immediately 
evident. 

These not postulates but 


are mere 
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necessary laws of thought which flow 


from the laws of being and without 
which there could be no knowledge. 
These principles when properly em- 


ployed in conjunction with sense data 
lead to certain necessary conclusions re- 
garding the reality of the external world 
and its origin. Thus if one admits ob- 
jective evidence and the supremacy of 
reason to the extent of accepting conclu- 
sions deduced by it, although these may 
go beyond immediate sense data, then 
one must also admit the absolute validity 
of the cosmological proof for the exis- 
tence of God. 

If one denies these principles of meta- 
physics and poses as admitting only 
knowledge derived directly from sense 
data, then one is forced to admit that 
there is no difference between scientific 
knowledge and the lowest form of animal 
reaction to sense stimuli. This position 
of pure sensism, or of positivism, is it- 
self a dogma which never been 
rationally established and is rooted in a 
prejudice which refuses to accept the 
implications of reasoning. 

To preclude the necessity of maintain- 
ing an entirely absurd position the laws 
of thought must at least be assumed as 
a postulate system—otherwise our sense 
data could not even be communicated 
rationally, much less discussed or corre- 
lated scientifically. 

While not agreeing with or admitting 
a system of philosophy which claims that 
all fundamental principles are but postu- 
lates, we do maintain that, as far as this 
controversy is concerned, any postulate 
system which admits the possibility of 
scientific knowledge, as it is commonly 
understood to-day, is also sufficient to 
establish the existence of God on the 
same scientific basis. Science to-day is 
concerned with, reasons about and con- 
eludes to propositions which are cer- 
tainly beyond the direct range of sense 
data. If this is admitted, the arguments 


has 


for the existence of God a fortiori can 





THE SCIENTIFIC MONTHLY 


not be thrown out unless one is willin, akin | 
to exclude all such concepts as electr from 
proton, neutron, relativity, 
theory, and the like. ary 
Let it be clearly understood that 
position presented above is not put { eet 
ward as the alpha and omega of religious fers | 
systems. It can be considered, howeve; lenial 
as the rational basis of natural relig’ dias 
and serves as a preamble to supernatw: . 
faith, which is a gift of God, reasona! " th 
in itself but not obtained by reas ecom 
alone. 
Regarding the bearing on religion neato 
current contributions in physiology, ps | 
chology (experimental) and psychiat: 
my reply is that the omission of su 
considerations by me was indeed dd opo: 
erate, not through any fear of « 
quences to true religion (for truth is | ings 
and can not contradict itself), but on t 
principle that it is scarcely profitab! 
such disciplines 
knowledge approaches that of the pr But 
both in depth and 


quant we he 





, " 
is The 


diseuss unless 01 


fessional interest cess: 


Any reply may well be deferred unt luced 
something more than the hypothet a 
proposition advanced by Dr. Leak aa 
forthcoming. The 


The categorical denial of my re ows: 
on miracles has in no way advanced 1 


ters on this point. Before making ae 
choice, the prospective student of mi: : if : 
cles must become acquainted with | odue 
literature. I am therefore appendi: The 
few references which may serve as a ars 


easy introduction to the subject and v We 
have to be examined and evaluated 
fore there is any serious attempt to p 


sively 


unproc 


a judgment. the ser 

To close on a note of unity let me es ae 
press entire accord with the idea année 
neither my own five-page article, estabji 
Dr. Leake’s one of more than twice t! sertion 
length, can be expected to do more t! In o 
stimulate further interest in a sub) oma 
that has been vital to men of all times abesies 

If this has been accomplished we ¢ It i 


relinquish the discussion with sentiments 





SCIENCE AND TRUE 


to those of St. Augustine, and quote 

om his ‘‘City of God,’’ as appositely 
ve hope, as Dr. Compton did last Janu 

vy from his ‘‘Commentary on Genesis.”’ 


} 


If we should bind ourselves to give answer to 
ry contradiction that the opposing front of 
rs (how falsely, they eare not. 
nial is made), you see what trouble it would 
how endless and how fruitless. Therefore 
I would not have you read 
thinking I am bound to answer what 
thers shall hear objected against it, lest 1 
come like the women of whom the Apost 
iuketh, that they were ‘‘ always learning but 
r able to come to the knowledge of th 


SUMMARY OF 
ARGU MENT 


I stifion To be proved: 


There exists an unproduced first caus 
gs existing in the world. 


of 


There exist in the visib 


existence of 
cessarily implies the 
ed first cause. 
Therefore such a causs 
The major proposition 
m internal and ex 
The minor proposit 


her unproduced or 

Tf unprod ced our co 
If produced the quest 
ducer? 


he answer must either finally 


produced cause and again ow? 
mds, or,— 


We must admit an infinit: 


sively produced causes either dependent o1 
h 


inproduced cause, or without suc 


the series depends for its existence on an u 


a Cause 


duced cause our conclusion again standa, 
If however it is asserted that such 
‘an exist without an unproduced 
establish our conclusion we mus 
sertion false. 
In other words we must prove tha 
An infinite series of successiv 
causes, without an unproduced cau 
absolutely impossible. 
It is impossible if nowhere can be found an 
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BOOKS ON SCIENCE FOR LAYMEN 


THE CURRENT WHALE OIL 
INDUSTRY! 


THe aim of this book, as stated by the 
author, is ‘‘to analyze the economic 
problems surrounding one of the world’s 
important raw materials of the present 
time.’’ Whaling, which contributed so 
much to the wealth of Dutch, Hanseatic, 
British and American citizens, is traced 
from its beginnings, the causes of its 
decline are reviewed, and the _ back- 
ground for its revival under Norwegian 
leadership during the twentieth century 
is described. 

The book commences with a discussion 
of the importance of whale oil as a com- 
modity in world trade, where it consti- 
tutes about 9.4 per cent. of the total 
volume of foreign traffic in fats. Ger- 
many, for instance, in 1935 obtained 54 
per cent. of her margarine and lard com- 
pounds from whale oil. Whale oil con- 
tributed 41 per cent. of the margarine, 
28 per cent. of the lard compound and 
16 per cent. of the soap manufactured in 
Great Britain in 1937. 

Although whale oil is the chief prod- 
uct of the modern whaling industry, the 
commercial utilization of a whale carcass 
yields also whalebone, ambergris, meat, 
concentrated protein foodstuffs for do- 
mesticated animals, fertilizer, hormones, 
leather and glue. Hence ‘‘the value of 
whales as a natural resource depends 
essentially on the demand for certain 
raw materials to be derived from it, on 
man’s technical ability to utilize it, and 
on his intelligence in refraining from 
depleting it.’’ 

Whaling is now prosecuted largely on 
the high seas beyond the jurisdiction of 
sovereign states. It is of especial impor- 
tance to countries which lack natural re- 
sources but have an abundance of labor 

1 Whale Oil, An Economic Analysis. By Karl 
Brandt. Illustrated. xiv + 264 pp. $3.00. 


June, 1940. Food Research Institute, Stan- 
ford University Press. 


and industrial facilities to build fi 
factory ships, whale-catcher boats 
transport vessels, and to utilize ; 
mercially the products obtained. ( 
quently, intense international cor 
tion has developed into a struggle 
tween the British-Norwegian int 
which view whaling as a means for ¢ 
employment of manpower and ¢a 
and the German-Japanese compar 
which are fostered by their governm 
to obtain fats and raw materials eit 
for domestic consumption or for 
version into necessary foreign exchan: 

Despite efforts at international r 
lation sponsored by the League oi 
tions in 1931 and by the Norwegian 
British Governments in 1937 and 193 
it has become increasinly apparent 
the high standard of efficiency attai 
by factory ships and whale-cate! 
equipment threatens the continuatio: 
the industry. One obvious shortcon 
of these agreements was the reluctar 
of most of the countries to impose 
definite limitation of oil production 
fixing maximum quotas for their 0\ 
whaling industry. In the internatior 
exploitation of this resource the cor 
peting nations are endeavoring to obt 
a maximum share in the catch and at t 
same time are voicing their fear o! 
eessive slaughter of existing stocks 
whales. 

The author believes that whales 
be amply utilized so long as compe 
nations find whaling a remunerati\ 
enterprise and perhaps even longer | 
companies subsidized by countries wi' 
a deficiency in fats and foreign e 
change. World production of whale oi 
each year is determined by the numbe! 
of whales caught, by the ratio of blu 
whales to other kinds of whales in th: 
catch, by the average size of individuals 
of each species in the catch and by the 
technical efficiency and economy of oi! 
processing operations. 
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BOOKS ON SCIENCE 








ee the price of whale o Ss main 







mined by prices of competitive fats . 
since the costs of whaling increase s 

the decline in the average size ol tures 

es caught, these considerations con sp 

the remunerative operation of fae iH . 






ships equipped with costly process 








machinery and of the whale-catche Wi Tro Dacte l s 
ts that do the killine New uses of tho rites 
hale oul as food and industrial material OPO aISIIS 
improvement in quality by prompt the plants 
yrrocessing of whales caught has brought the sides 
ibout an expanded and diversified de Stands 
and for this fat The author elue es aspraw l SI 
dates the highly complex play of fae the fa ar flowers 
tors affecting the prices of oil and fats American f s Sts 






and coneludes that whale oil has beeome Here 















the base of the price structure of fats ALEE Insects S 

The diseussion of the transport, stor coopel s 
age and marketing of whale oil is fol bors wit! s S 
lowed by a résumé of the influence ol others sO ‘ S this f 
tariff duties, excise taxes and other mea will be appre 
sures devised to protect domestic pro dents and ex BUS 
dueers of competitive fats on the mar lt ithern . M i 
keting of this commodity. The appen lander, who Is assis . 
dix is designed primarily as a source  botan .% . 
for selected statistical data Twice rol M ‘ 

In this well-documented and earefully and trailer 
prepared book, a qualified, impartial ob 4100 of his Hs 
server makes a notable contribution drawings S @s 
toward a better understanding of the as the wor 
mechanics of the whaling industry Probat . S 
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FROM BACTERIA TO ORCHIDS 


Proressor Hy.aANper has written a broke 







book such as every botanist has wished 






he could write but which none of us has pi 














been able to produce. It is a big book, @S8Win : . 
over 700 pages, 74 x 93 inches, crowded only t " 
full of remarkable photographs and because \ ¥ : — 
meaty text in fine print mitigated by U 
This is probably the most con prehen pe us 
sive book on plants that has yet been tinuous rea 
written for the general reader , book s 
Mr. Hylander classifies and discusses P nr 
virtually every common type of plant Criticize. TI 
now extant in this country—native and ‘es are how! le 
‘The World of Plant Life. By C. J. Hy. #S ‘he PI rahe : 
the details a botanis 






lander. Illustrated. xxi 722 pp. $7.50. Mac 
millan Company. 








1] 
4 


© Ses 


180) THE SCIENTIFIC MONTHLY 


Just a littie more effort Too man ot 


the halftones have lost the ‘*snap”’ evi 
dently possessec by the original photo 


graphs and many of them are smutted 


against the next page by careless print 
ing. There are some expressions that 
are rather forced in an effort to popu 
larize, like ‘‘warfare’’ among plants 
which refers chiefly not to competition 
in their struggle for existence but to 
parasitism 

But one is ready to forgive the short 
COMMS of the book for the service it 
does him. It is to be hoped that a second 
edition will soon be required and give 
the author opportunity to make all de 
sired improvements 


RoBerRT i’. Griags 


TWO QUAKER BOTANISTS, FATHER 
AND SON 

Tuts, the second volume of a series, 
‘*Pennsvivania Lives,’’ gives avery 
brief account of the lives of two Quakers 
who had a profound influence on the 
colonies and became valued friends of 
their Kuropean correspondents John, 
the father, with a meager school eduea 
tion became so deeply interested, first 
in plants and later in many fields of 
science, that he succeeded in training 
himself to become a valuable contributor 
to scientific knowledge. He traveled 
thousands of miles in the eastern United 
States from Canada to Florida in his 
collections of plants and seeds, mans of 
which he sent to European botanists, to 
whom they were unknown. His descrip 
tions of plants, weather, animals and 
soils were both accurate and thorough 

John Bartram brought to his farm 
near Philadelphia parts of his plant col- 
lections which with his European ex- 
changes became the first American bo 
tanical garden. In this garden he be- 
came one of the first to understand sex 
in plants and to cross-pollinate them. 

William Bartram, the son, began his 


1John and William Bartram. By Ernest 
Earnest. Illustrated. xvi 187 pp. $2.00. 
1940. University of Pennsylvania Press. 








travels with his father at the 

fourteen, on a trip to the Catski 

tains William learned to love 

and travel, but he appears to ha 

so interested in philosophy that 

lections and exchanges with his s 

spondents suffered He inherit 

father’s power of keen observat 

his descriptions were famous 

vividness. Many of them appear 

been the bases for later descript 

famous authors. The ‘** Travels.”’ ; : 

terpiece, was publisl ed in many pi 

the world Yet 
Since these men set so high a sta 

for accomplishment as to draw the 

of the world toward Philadelphia Kngla 

to be reeretted that so few quoti Silke 

could be ineluded in this small 

and that the number of copies 

edition is limited to 1.000 It 


DEV 
seem that the reading of this 
might well be a stimulus to man 
to overcome difficulties and make « 
butions to their chosen fields 
L. Epwin Yor Y 

A PRIMER OF ANTHROPOLOGY) tro 

A succINcT popular treatise on 1 text-l 
origin and on early man, by ‘‘for \lt 
senior member, scientific staff, Ant ar 
pological Department, W elcome t she 
seum,’’ London. Deals with The bx sting 
ning of Things; The Ancestors of M time 
The Great Ice Age: Men of the lee A the p 
The End of the Ice Age: The Men Y No 0 
Came after the Ice Age: The End rod 
the Old Stone Age: The Middle St sider 
Age, and The New Stone Age noth 

A very readable production that net 
in another edition, make a good pri a sp 
on the subject it deals with; but bet fase) 
that it will need considerable men ent 
in various details. Thus the meteo f la 
(p. 7) are hardly ‘‘fragments of me igs 
which probably made the original b the 1 
of the sun’’: the skulls of all the ant! Tl 
poid apes are not all ‘‘much round V1 

1 Mankind in the Making. By M. C. B D 
Illustrated. 152 pp. $1.50, 1939. F st 
Warne and Company. Saun 














BOOKS ON SCIEN 


The Pithecanthropus: ? . 

$] that “*no othe } 4 

The! membet ’ of the Pitheea 
s muiiv has ever Deel 11 - the 
tions ot eal man — Af) :, 
sia to Kurop the separateness 


ovv and extinction of the Nean 


man, and the coming in fron 
nknowh somewhere ol the 
DTS And there are hnaceura 
s about the Eskimo and ! othe! 
rs 
Yet tl treatise can hot be ! emner 
mav in a future edition be made 
‘ merul There IS a vreat mal } 


and. Sir Arthur Keith, who for the 


would probab \ bye 


sii Ke ol soundness 


setting thines s 


traight 


A. H 


i tO ASSIST 11 


DEVELOPMENT OF THE 
EMBRYO 


HUMAN 


IT isa pleasure to welcome the 


rourti 
tion of Arev’s ‘* Developmental Anat 


ny”? To those who have used this vol 


needs no 


on human embrvology it 
oduction. It 
ext-book in its field 
Although the 


aruv tor the use of 


IS still the outstanding 


hook Is 


written pl 


SeTLOUS students 


should not be overlooked as an inter 


sting source hook bv those who at one 


! another become interested in 


lie or 
the phenomena of prenatal development 


No one can pass by the miracle of re 


roduction without hesitating to con 


sider the underlving organization and 


notivation that produces a complicated 
from the 


; 


unetional organism union of 


a sperm with an There is a real 


ecg 


fascination in the history of develop 


ent through segmentation, formation 
lavers of cells and the eventual fold 

ngs and growth processes that produce 

the various organs of the foetus 

There are a great many readers who, 


iving perused a lighter, more popular 


Developmental Anat y By | B \ 
strated. xix+612 pp. $6.75. 1940. W.B 


nders Company. 
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THE PROGRESS OF SCIENCE 


IRVING LANGMUIR, NEWLY ELECTED PRESIDENT OF THE AMERI 
CAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 




















> ‘ ‘ ‘ 
Brook of human interes 


LANGMUIR Was born 




























New York, in 1881. His early schoo consists of 
s were spent in Paris, France, and at as a sort « 
Chestnut Hill Academy, Philadel! As a start 
Penns\ lvania After a course at enter the realm of L. . 
Institute High School, he studied contributions 
the Columbia School of Mines, gradu President Karl ¢ \| 
n 1903 as a metallurgical engineer chusetts Institute « 
d then studied physical chen istry witl current issue of S | 
Nernst at Goettingen, Germany. Subse vears of frontie ” 
ently, he taught chemistry at Stevens there Lane I I List 
stitute for three vears He joined the quantita S 
R of the General Electric Researel trothe SS . . 
Laboratory in 1909, and since then has migration 
een continually active as a_ researel solid, heat 
scientist. During the past eight vears surface films 
» has been associate director thorium b Ss 
He has been honored by degrees from radio tubes 
many universities, including Oxford, tion, there were all sorts of st . 
Johns Hopkins, Harvard, Columbia and electrons as tl} 
Princeton. For distinguished scientific vacua. influer 
services he has been awarded fifteen forces. When mere traces of Ses 
medals and other tokens. Among these present, entit 
are the Nobel Prize of the Swedish Acad presented Ss I ras ‘ 
em\ of Science. in 1932. the John Seott charge,”’ **bombardment.,’ ** nosit 
Award of Philadelphia, and the Hughes, ons’’ and ‘‘charee rid br 
Perkin, Nichols, Chandler and Wil lan Still more new names, s nh as ] 
Gibbs medals. kenotron. t] | 
His scientific contributions are best the right t 
described in the 217 scientific papers ‘‘made going easier 
which he has published. Because of the _ tories 
nature and number of those widely dis While it seems 1 e that all his 
tributed contributions I can not review is strongly tied together by his 
them adequately here. In choosing one conceptions, it is s ISS 
line of his thoughts I might select a_ to illustrate it If | 
purely chemical one, but I should soon contributions to ‘*: ar films 
be at the end of ordinary vocabularies. not be clear . 
Or I might take some attractive physical, the way in many American s 
electrical or illumination problem, but cles by showing his 
within each of those confines I should lavers. WI these foresl 
still feel that I had failed to picture him chemical res 
properly. of life and growtl 
Integrating his work, I see that the ity, ete., the implications of s 
scientific advances are made just at the mav not be speculated up } Hy 





xtreme, almost invisible ends of paths has directed his efforts so far ast 
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mine form and structure, in parts or 


whole, or many sorts of organie mole 
cules. This has ineluded the immensely 
complex imsulin But I may confuse by 
even mentioning this 

Perhaps it is better to Sa\ that. Just 
as Lanemuir has contributed greatly to 
our elementary concepts of chemical 
valency and made us almost see the 
various kinds of bonds which express 
interatomic attractions and molecular 
coherence in such simple cases as helium 
and atomic hydrogen, and the ‘‘attrac 
tions’’ between hvdrogen and chlorine 
in hydrochloric acid, so also in working 
with simple soap films he has opened up 
new conceptions of existing matter, such 
as two-dimensioned solids, liquids and 
even gases, together with their inter 
reactions And this he has done by 
simple means but with quantitative re 
sults 

Langmuir seems to love the simple 
the simple, Inquisitive vouth, the simple, 
direct question and answer. His well 
trained, questioning attitude makes him 
a fine, forward-seeing teacher of old and 
young. His physical energy and mental 
virility are very unusual. By his efforts 
he makes the subject of his interest im 


portant Repeatedly investigating a) 


apparently insignificant scientific point, 


he makes it most fundamentally signifi 
eant. At the same time, as the resulting 


chips fly, he watches the direction of pre 

vailing winds of utility or service 
Take, for example, that highly useful 

discovery, the gas-filled incandescent 


lamp We see it every night, but how 


many understand it? How 
size of elass bulb. with the sar 
tungsten, have three times as } 
efficiency when, in place of 

is filled with eas Gas is 
vreater heat diss pater than the 
and the vacuum offers no obst 
the leht-emission of the 

had apparently almost 
practical possibilities of ma 
Vacua In our seare! or lal 
ments, but Lanemuir first 
proved even the methods 
carefully studied everv imag 

left What was ha pen 
through, by and or amone the 
traces of persistent ewas-residues 
experimented. After vears 
learned the remarkably differ: 
of water Vapor, nitrogen, oN 
hvdrogen where these elements 
almost nonexistent Space 
planation here, but he learne 
atomic or dissociated hydroges 
posed water. blackened and 
bulbs, rate of simple evaporat 
filament, and that each was de} 
upon the others Then he visua 
new advantage to be gained by 


r 
eerta 


tungsten filaments un 


helices (instead of using stm 


pins”’ and operating then ! 


P ‘ 


pressures OF nonreacting gases 
the new and better lamp 
The long lines of reasoning by s 
proved paths, but just bevond th: 
terminals, are to be seen in all his 
tifie work 
Winus KR. Wi 


NOTABLE SCIENTIFIC PROGRAMS AT PHILADELPHIA 


PROBABLY no other scientific meeting 
ever presented so great a variety of 
notable scientific programs as that of the 
American Association for the Advance 
ment of Seience at Philadelphia from 
December 27, 1940, to January 2, 1941, 


inclusive. In those six days 222 scientific 
sessions were held before which 2.164 
addresses and papers were delivered or 


read 


Instead of attempting the ir 
task of referring to all the prog 
the meeting, a few will be enum: 
each of which was a joint discuss 


some important field ot sclence 


number of eminent specialists. The 


on the list in the number of part 


and perhaps in the importance 
subject was the symposium 01 


holism.’’ There were 47 contribut 
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LISCUSSION 


ns and one 


subiec 


probably by 
for the Advance 

Another program of sin 
pleteness Was ti 


‘‘Human Malaria’’ in t} 


‘ ere were 
12 participants, including tl 


‘ SVINpPOSIUN 


oremos 
specialists in the 


field eountrs 
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celebration of the centenary oft the pub 
‘ 


cation of one of the most influential 
chemistry, 


} story ol 


books in the 
namely, Liebig’s ‘‘ Organie Chemistry in 


ilture and 


the Applications to Agric 
Phvysiology,”’ the first edition of which 
appeared in 1840. The participants in 
this symposium discussed, with adequate 
references to the literature, the amazing 
and often quite unexpected develop 
ments of the regions which Liebig en 


tered a century ago 





THE SYMPHONY ORCHESTRA ABOUT 
SHOWING ONLY ABOUT HALF OF THE SWARTH MORI 


Naturally the world war stimulated 
the organization of certain programs, 
the most obvious being ‘‘ Psychology and 
the National Emergency.’’ 
participants was Dr. Leonard Car- 
michael, president of Tufts College and 
chairman of the committee which is pre 
paring, for national defense, an essen 


tially complete roster of the tens of 


thousands of 
gether with their respective prepara 


tions, qualifications and preferences for 


sery ice 


stars in theirs on ‘‘ Intrinsic 


One of the 


American scientists, to- 


To mention a program at the 


extreme of human interest, the A) 
Philosophical Association prese 
symposium on ‘*The Problen 
ligious Knowledge.’’ And aga 
reologists looked into the eart} 
two sessions on ‘*The Igneous Ro 
the Appalachian Mountains Syst 


while the astronomers looked up 


Ny 


Variation.”’ 
The few programs that have bee 


TO PLAY FOR THE ASSOCIATION 


GROUP; DR. SWANN IS STANDIN( 


tioned illustrate the enormous div: 
of the aspects of science. They ar 
varied as the interests of the | 
mind; indeed, they are more varied 
science is now involved in every | 
activity and is rapidly creating innu! 


able new interests—and problems 


rapid changes that are taking plac 


the world asa consequence of scienc 


disturbing to many persons, especia 


those gentle souls who find happiness 


drifting with the tide. But reaso 
the whole history of the earth, and of 








THE PROGRESS OF 


ons eadas Ol! 


tion. Those 
erams that 
and in many ot 
the entrance: 

s of science 

» scientist, howeve1 


experimenter or a cold logical 


ne Whatever rare qualities he 


have while he is working in his own 
al field. he is nevertheless a human 
» and shares in the weakness of 
man beings He also shares with 
ts, often to a very exceptional de 
an appreciation of and = skill in 
various arts Mathematicians and as 
tronomers have long been noted for their 
taste for music Of course not every 
mathematician has musical talent. Pos 
sibly the percentage of mathematicians 
who love musie is not greater than that 
among other persons of similar culture 
The tradition may have arisen because 
it seems incongruous to a non-mathema 
ticlan that a mathematician should be 
nterested in artistic things. There ap 
pears to be no claim that musicians as a 
‘lass have exceptional mathematical abil 
ty 


Whatever the statistical facts may be, 


t 1s highly probable that scientists are 
t least as gifted in art as the average 
person. They must be, for science at its 
highest level is art It produces esthetic 
effects similar to those produced by 
sic, poetry and painting 
rently elected president of the associa 
on, Dr. Irving Langmuir, is an artist 
n everything he does. He listens to 
symphonies musicians never heard and 
sees rainbows that never appeared in the 
sky In his work he buil beautiful 
structures that the langua 
ortals can not describ 
All I have said about scientists and 


sic was illustrated at a 


I 


P 


I 


’ 


si 


SWANN 








LSS 


members of the association provided by 
the local committee in Philadelphia. A 
great physicist, mathematician and sei 
led the 
Orchestra of about seventy members in 


entist Swarthmore Symphony 
rendering a splendid program of classi 
cal music. This remarkable leader was 


W. EF. G 


Research 


Swann, director of the Bartol 
the 


COM position of his orchestra. which Was 


Laboratory Concerning 
founded in 1936, he says: 

**Our membership covers a very wide 
field of activities 
Kirst R. La, 
Dean of the College of Mechanical Engi 
Delaware 


professional Our 


Bassoon. Dr Spencer, IS 


neering of the University of 


He drives 30 miles each way for a re 
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hearsal every Wednesday evening 
Second Bassoon comes from a dist 


10 miles in the opposite directio 


leading Doublebass. R. CC. Disa 
Dean of Drexel Institute Wi 
among our organization ten e) 
two chemists, a physicist (not 


mvself 
Our 


two physicians, a dentis 

chief Cellist. Mr. Natcho \ 

is a chemist, and he adds to his 

plishments that of a composer: tl 

plaved at the A) S 
the Advancem: f 


Science Reception Was composer 


turne which we 
Association for 
and dedicated to me.”’ 

KF’. R. Movuxro prot 


, 
/ ermanent Se 


NUTRITION AND GROWTH OF PLANTS gr 


A CONCEPT at one time often held by 
students of plant nutrition was that the 


Inorganic nutrients by 


absorption of 
roots is a process in which the roots play 
a passive role and main emphasis was 
placed on permeability factors. some 
Agricul 

barley 


early studies in the California 


tural Experiment Station on 
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plants and later on cells of the ? 
water alea Nitella, from whiel 
vacuolar sap only slightly conta 
- ° ? 
could be obtained. gave evider 
Ons Can be absorbed by plant . 
against concentration or activity 
’ “7 
ents, with the use of metaboli T 
With this interpretation in view | 
in 1 
Steward conducted experiments « 
POMS 
Importance on potato tuber tiss 
. > . niveil 
the relation of aerobic metabolis: 
some 
accumulation movement and. st t] 
against a gradient) was demonst . 
for these tissues tion 
lon: 
Of direct interest to the subj: relat 
paper are the extensive studies of I 
Or ni 
land and Brover on the metabo ? 
. . . . mor 
esses in root cells involved in the ac the 
les 
lation of inorganic solutes an Sena 
certain types of movement of tve 
solutes from the roots to the upper dilu 
of the plant. A technique was dev the | 
by which voung barley plants pr soils 
root systems of extremely high cay asso. 
to accumulate mobile ions, ¢./.. also 
sium, bromide and _ nitrate ions tane 
| Review of the paper entitled ‘* A\ of p 
of Nutrients for Plant Growth with Spe neh 
erence to Physiological Aspects, *’ pres 
" ’ 
D. R. Hoagland and D. I. Arnon at the mon 
of the American Association for the A the | 


ment of Science, December, 1940. 
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of the experiments some of tl 


complexities of the whole pliant 


tem were avoided by making obser 
s on excised roots over brief expe 
tal periods. In this way direct e 
ce was secured with reference to the 
ets on salt accumulation of oxvge) 
won dioxide, temperature, concent 
of salt and hvdrogen on concentra 


in the external environment. an 


available carbohydrate in the root 


s Briefly, the evidence led to the 


( clusion that the most rapid absorp 
tion of ions and their accumulation 
iinst gradients occurred as a result of 
protoplasmic activities reflected in aero 
bie respiration for which a su 

ren, sugar and presumably of certai 
crowth substances are essential Sie 
and some other required organic con 
stituents are, of course, normally ce: 
rived from the photosvnthesizing tissues 

the plant. When other conditions do 
not limit, the temperature coefti j 
the accumulation process is found to be 


r| 


The efficiency ol highly active roots 


wnt o 


in removing from a nutrient solution 
ions like potassium and nitrate is very 
high In facet, concentrations may 
sometimes be reduced almost to zero in 
the solution at the same time that the 
Sap from the roots has high concentra 
tions of the ions absorbed Reciproca 
relations of root and shoot in the process 
of nutrient intake by the plant may be 
more clearly envisaged on the basis of 
these and other researches along similar 
lines. The remarkably rapid and selee 
tive absorption of certain ions from ver) 
dilute solutions is of great interest in 
the study of availability of nutrients in 
soils. Experiments by Arnon and _ his 
associates using other tvpes of technique 
also developed evidence of the impor 
tance of metabolic relations in the study 
of problems of general plant nutrition, 
including researches on nitrate and am 
monium salts as sources of nitrogen in 
the culture medium. 
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WATER CULTURE EQUIPMENT 


FOR STUDY 
WITH REFF 


PROPERTIES OF 


Y¢ 
iROWN BY 


OF ROOTS OF 


CRS PP eg 


OF NI 
RENCH 


ro 


rRITION 
AERATION OF 


NUTRIENT 


IUNG BARLEY 


ADAPTED TO 


TECHNIQUE 
HIGH CAPA‘ 


MULATI 


( 


ER 


ITY 


TAIN 


LETTI 


CE PLANTS 
ROOTS AND 


SOLUTIONS, 





PLANTS 


IONS. 


PRODUCTION 


TO ABSORB AND ACC! 


means of accelerating upward move 
of solutes. But even in transp 
plants some experiments suggest that 
activities are involved in the mov 
of solutes into the condueting tiss 
The writers of the paper, while stres 
the significance of active absorption 
normal plant growth, also eall atte 
to the possibility that under the influ 
of transpiration, another type of abs 
tion and upward movement of so 
may take place through inactive o1 
jured roots, and this is illustrated 
experiments in which the eulture s 
tions contained sodium salts in ine 
ing concentration up to a point of inj 
In investigations of the absorptior 
ions and their movement in the pla) 


is frequently desirable to study est 


lished plants over short periods dur 
which the plant system as a whole w 
goes as little alteration as possible 
problem then may arise as to tech: 
by which small amounts of elements 
sorbed and distributed in the plant 
ing the experimental period may 


determined. Special difficulties must 


faced when it is decided to study 
same elements that are already pres 
in the plant at the beginning of 
experiment. Fortunately these diffi 
ties can often be surmounted by the 
of the new tool of radioactive isoto 
and various workers in the laborat 
have employed radioactive potass 
phosphorus, sodium, bromine and 
bidium in the further investigatio: 


problems of absorption and movement 


inorganic solutes in the plant. 
Jenny and Overstreet in this lab 
tory have found great value in the ra 
active isotopes as a means of stud 
their attack on the problem of cont 
intake of ions by plant roots. Evid: 
was obtained that plants may abs 
some ions by direct contact exchang 
ions between roots and soil eolloids 
well as from the soil solution. The ¢ 
eral technique already referred to 
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roots Was utilized in the researches 


4 
/ 


absorption Oo! 
soil eolloids 
Aceumulation of solutes may oc 
only in root cells, but lkewise 

er parts of the plant Arnon al 

Stout earried through a series of exper 

ents on fruiting tomato plants in whiel 

they followed the movement of radio 


active phosphate added to the nutrient 





CHAMBER FOR CONTROLLED GROWING CO> 


PLANTS UNDER CONTRO ED CONDITIONS OF GH 
TION, IN SOME OF THE §S IES ON ARSOR ION 
TRATION SHOWS TOMATO I ANTS ED IN A 


solution when the plants had reached the 
desired stage of development The 
younger and most rapidly growing 
fruits had the greatest ability to accumu 
late the newly supplied phosphate. Its 
distribution in fruit or foliage was dem 
onstrated in graphic manner by making 
radiographs of the tissues By employ 
ing radioactive isotopes, Stout, Hoag 
land and Broyer, and Bennett have 
gained an especially definite kind of evi 
dence on the old problem of which plant 
tissues are mainly responsible for the 
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conditions in the soil, must be of great 


for an understanding of 


conseqtirence 
availability of nutrients 
and 


Specific questions of potassium 


phosphate absorption by plants under 


different soil conditions are discussed 
from the physiological pot of view 
Some attention is also given to the micro 


nutrient elements (elements effective in 


plant growth in very minute amounts). 
the re 


The climatic influence affecting 


quirement or absorption of zine by 


plants is cited as an example of a physio- 

logical interrelation of soil and plant. 
This paper was written as a contribu- 

dealing with the 


tion to a symposium 


general subject of absorption of nutrient 


RAYMOND PEARL, 1879-1940 


In the death of Raymond Pearl on 
November 17, 1940, biology 


its outstanding figures. He was born at 


loses one ot 


Farmington, New Hampshire, on June 3, 
1879. At Dartmouth College he studied 
biology under William Patten and H. S 
Jennings. On his graduation in 1899 he 
was appointed assistant in zoology at the 
Michigan, 
ceived the degree of doctor of philosophy 
in 1902 
In his 
Pearl 


chances of 


University of where he re- 


Pearson, 
‘The 


under 


memorial of Karl 
told 
death’’ 
imagination 


has how Pearson’s 
stirred his 
enthusiasm 


vraduate and 


‘It was alive, hearty, vigorous. It was 
about a lot of things vou could do some 
It inspired curiosity and 
than 


budding biologist, very voung and very 


thing about. 
action, rather awe. To a callow 
ignorant, it opened enchanting vistas of 
possibilities in biological thinking and 
research “mi 
little wonder then that the vears 1905 
and 1906 found Pear! a student in Pear- 
son’s biometric laboratory at University 
Although the two did 
matters, 


before undreamed 


College, London. 


not always agree on biologic 
Pearson’s influence on Pearl was strong. 
1 Submitted for publication on December 30, 


1940, 
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ions by plants and their availabil 
soils for plant growth. The fiek 
broad and the writers considere: : 
only their own investigations, but 


those of other workers in the Univ 
of California Laboratory of Plant N 
tion who have dealt in recent vears 
physiological aspects of the general | 
The 


Professor Hoag 


lem under review illumin 
results obtained by 
and other workers in the laboratory 
demonstrated that the plant correlat 
multiplicity of functions to acquire | 
the environment the necessary nut 
distribute them to the 


and to Val R 


centers of activity. 


From 1907 to 1918 Pearl was hea 
the department of biology of the M 
Agricultural Experiment Station. D 
ing this period his work dealt larg 
with the biology of the domestic anir 
notable researches being on the in| 
tance of egg production and of milk 
duction. 

On the entry of the United Stat 
into the First World War Pearl beca 
chief of the statistical 
United States Food 
His studies on the relation of food s 


div ision Ol 
Admiunistrat 


ply to population are presented in ‘ 
nation’s food.”’ 

1918 until 
on the faculty of 


his death Pear! 
the Hop 
University, first as professor of bion 
and vital statistics in the 
Hygiene and Public Health, then f: 
1925 to 1930 as director of the Instit 
finally 
Schoo 


- 
From 





Johns 


Schoo 


Research, and 


the 
much of his att 


for Biological 
professor of biology in 


Although 


tion was given to research, his influ 


Hvgiene. 


as a teacher was felt by many of 





younger generation of statisti 
Most of Pearl’s studies at Johns Ho} 
centered around the biology of pop 
tion growth and of the factors that e 
as birth rates and d 


into it, such 
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rates. In 1798 Malthus had emphasized 
the checks to the growth of population, 
but the rapid expansion of industry dur- 
ing the nineteenth century had led most 
students of the subject to disregard 
them Pearl was, so far as we know, 
the first writer of recent times to re- 
emphasize that there must be a finite 
upper limit to any population. This 
was one of the postulates from which 
Pear] and Reed derived the logistic 
curve, which, it was later found, had 
been proposed nearly three quarters of 
a century before by the Belgian mathe 
matician, Verhulst. This curve fits 
closely to the growth of the populations 
of a large number of countries. It also 
describes the growth of experimental 
populations of fruit-flies. 

A related subject which Pear] also in- 
vestigated by the experimental method 
was the inheritance of the duration of 
life. Different lines of descent of fruit- 
flies, he found, had different distribu- 
tions of longevity and when a fly of a 
long-lived line was mated with one of a 
short-lived line the duration of life of 
their descendants followed the ordinary 
course of mendelian inheritance. Natu- 
rally one can not investigate the inheri- 
tance of longevity in man by the experi- 
mental method, but it has been found by 
the statistical method that in man, as in 
the fruit-fly, inheritance is an important 
factor in determining the duration of 
life. 

Connected with these investigations of 
the factors that affect death were the 
investigations of the factors that affect 
birth described in ‘‘The natural history 
of population.’’ These ineluded the 
analysis, not only of official vital statis- 
tics on birth rates, but also of informa- 
tion about the reproductive histories of a 
large sample of women, obtained from 
them while they were patients in the 


obstetric services of hospitals. 


Besides these researches of his own in 


the field that unites biology to tl 

sciences, Pearl found time to ai 

advancement of scienee both by 

pation in the direction of scientifi 
ties and by the editing of scientifi 
nals. He was the leading spirit 
formation of the Internationa] 
for the Scientific Investigation of 
lation Problems, of which he was 
dent from 1928 to 1930. He was 
various times president of the Ai 





Association of Physical Anthropo 
the American Society of Zoologist 
American Society of Naturalists a 
American Statistical Association 

member of the council of the N 

Academy of Seiences. He wi 
founder and the editor until his 
of The Quarterly Review of Biolo 

of Human Biology. \. 

Pearl once commented on the 

similarity between original ¢ 
effort in art and in scienee. The a 
side of his own nature is shown, not 
by his delight in music, but also | 
literary skill in presenting his scient 

results. Certainly no one could aj . 
his writings his criticism that ‘‘se 


Z 


journals are, at the best, occas 
dull, and, at the worst, always so.’ 
Another token of his artistie sens 
ity was his care in the planning of 
pieces and tailpieces for The (ud 
Review of Biology and Human Bi 
The bowman who forms the leitmot 
the latter was taken from the wall « 





ration of a paleolithic rock shelter 
prehistoric artist, who was born b 
the days of Queen Victoria, had 
sented the bowman with all his mer 
When the design was submitted 
publisher of Human Biology, he 
tested that it would offend the post 
authorities. The bowman was the 
emasculated and the putative ser " 
ties of the postal authorities were s 
Joun R. Mini 
JosePH BERE 
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NEW “INDEX EXHIBIT” AT THE SMITHSONIAN INSTI rUT 


IN Monday Jan mar \ 1) atter SIN . 
Ths behind closed doors. the Nmit} Se: j 


; 


in Institution in Washington opene: 


he public a unique and fascinating 


bit designed to elarify ol tS } 
s of visitors the aqdiverse activities t} . a . 
affilations of the institution For hits? ics a 
ars the Smithsonian in its labora P ae 
es and study rooms has delved int ‘ ( I" ‘ 
mvsteries Of manv branches of nstitutio 1» 
‘e: hundreds of ITS expeditions s glivid, ’ ‘ 
rone out to the far corners of the pp j 
th in search of new facts and mat ral tl 
Ss; ItS Investigations have been re st) . . 
ed on nearly 500,000 pages of print tienla 
ng up thousands of volumes of basis As tl . 
ntific knowledge that can be fou on ti 
most of the world’s larve | braries eter | re . < 
\s the Vears have rolled by ana out fies 
ntrs has grown in size and erandeu hibits 2 . 
Too has the Smithsonian CYrowh ana weg ly his 
expanded its sphere of usefulness Its of ky () 
lds of activity have multiplied and its a laree s 





ONE CORNER OF THE EXHIBITION HALL AT THE SMITHSONTA\ 


TOWT. tj’. . 
SHOWING 8 IONS O 


ION 
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SMITHSONIAN INSTITUTION BUILDING 


WHERE THE NEW EXHIBITION IS LOCATED, 


exhibit in logical order he should begin 
with the adjoining alcove and proceed 
completely around the hall 

The first exhibit is that of astronomy, 
and this is followed in turn around the 
hall by geology, biology, radiation and 
organisms, National Zoological Park 
history, physical anthropology, cultural 
anthropology, engineering and indus 
tries, and art. The final quadrant—the 
last thing the visitor will see as he leaves 
the hall is devoted to a pictorial ex 
planation of the organization and 


branches of the Smithsonian, so that the 


visitor will leave with an understanding 


of the present rather complex set 


the institution 


A separate room 1s devoted to 


fying the Smithsonian’s methods « 


fusing knowledge. the secon 
objective of the mstitution 


The theme of the entire exhibit 


plicity A multiplicity of obj 


carefully avoided, and all labels ar 


and plainly worded. The stri 
foreed aim is to give a quick, eas 
prehended bird ’s eve view Ol 

sonian activities and organizatio 
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